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The Geology and Physical Geography of Jamaica: Study of a 
Type of Antillean Development, Based upon Surveys m,ade 
for Alexander Agassiz. By R T. Hill. 

INTRODUCTION. 

Jamaica presents a more favorable opportunity for detailed geologic 
investigation than any other tropical area. The authorities have con- 
structed over 4,000 miles of macadamized highways and two lines of 
railroad across the island in different directions. Bridle paths have 
been cut to the highest peaks and other points of interest. These pub- 
lic works have made excellent exposures of the substructure, far better 
than can be seen in most tropical countries. Furthermore, many years 
ago the English government made, for its time, a most thorough recon- 
noissance geologic report, and map of the island, which served as guides 
for the present study, and relieved us of the preliminary drudgery of 
reconnoissance which ordinarily seriously detracts from the consideration 
of the higher geological questions in the tropics. 

The geology of Jamaica has been studied in situ by several writers, 
the principal of which have been De la Beche,* Barrett,* Wall,* Brown,* 
and Sawkins,* all of whom except de la Beche were members of the 
Official Geological Survey. 

De la Beche's conclusions upon the older formations of the island are 
noted elsewhere. His monograph contains many excellent observations 
concerning the Tertiary and later formations, which in a degree are 
more in harmony with the conclusions to be presented by us than the 
subsequent and more extensive reports of the official surveys which sup- 
planted them. 

1 Remarks on the Geolo(?y of Jamaica, by H. T. de la Beche. Memoir. Trans- 
actions Geol. Soc. London, 1829. 

* Quart. Jour. Geol. Soc. London, Vol. XVI. pp. 824-826, 1860. 

* Ibid., Vol. XXI. pp. 1-14. 1806. 

* Reports of the Geological Survey of Jamaica, London, 1869. 
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The studies of the island made by the official surveyors were compre- 
hensive and began at least as early as 1859. The official report^ is the 
present standard of reference. 

The observations and material of the Jamaican survey have also been 
the bases of several independent papers on the geology of the island, by 
S. P. Woodward, Moore, Wall, Duncan, and others, which have appeared 
in the English serials, and which will be frequently cited later on. 

Many individuals who have not personally observed the geology of 
the island have made paleontologic studies of material collected by the 
survey and others, and announced important conclusions. Among these 
may be mentioned Moore, S. P. Woodward, Duncan, Gabb, W. J. L. 
Gappy, Dall, Etheridge, T. Rupert Jones, and Jukes-Browne. So far as 
minute study and interpretations are concerned, the petrography and 
physical geography of the island have received little or no attention. 

The writings of the authors mentioned have been valuable aids in the 
preparation of this book. In perusing this literature the reader is con- 
stantly impressed with the fact that these researches failed to solve 
the essential problems of the succession and age of the strata ; this fact 
impaired the value of all subsequent deductions, and fundamental mis- 
takes were made which have had wide bearing on the interpretation of 
Antillean history. The literature of no other region, especially that 
relating to paleontology, presents so many erroneous conclusions. To 
avoid constant corrections of these mistakes, it is best to point them out 
at the beginning. It is but fair to state that this unfortunate strati- 
graphic confusion was not the result of incompetence, but was due to 
an act of Providence. Mr. Lucas Barrett, the Scientitic Director of the 
Official Survey, who alone knew the combined results of its several 
workers, and was able to correlate them, was drowned in a diving bell 
while carrying on his studies.* Conflicting endeavors to make post- 
humous interpretations of his opinions were the sources of the subse- 
quent erroneous conclusions. 

The official report is a ])eculiar and unfinished composite, Barrett's 
death having occurred before its publication. The introduction of two 

1 Entitled " Reports on the Geology of Jamaica, or Part II. of the West Indiaji 
Survey," by James G. Sawkins, with contributions by G. P. Wall, Lucas Barrett, 
Arthur I-^nnox, and C. D. Brown, and an Appendix by Robert Etheridge, Paleon- 
tologist of the Geological Survey of Great Britain, printed for Her Majesty's Sta- 
tionery Office, 1869, 339 pages, with Maps and Plates. This work and its parts will 
be frequently referred to in this paper as the Jamaican Reports. 

2 December, 1862. See Obituary Notice in the Geologist, Vol. IV. pp. 60-62, 
1863. 
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pages is by Sir Roderick I. Murchison. The first general summary of 
the island is by James Gay Sawkius. Individual reports of the different 
parishes are by Barrett, Wall, Sawkins, Lennox, and Brown. The Ap- 
pendix contains a discussion and r^um^ of the paleontology and age of 
the rocks of the Caribbean Sea by Eobert Etheridge, with paleonto- 
logic determination* by Duncan, Carrick Moore, T. Bupert Jones, and 
others. 

In the reports upon the individual parishes each field worker used an 
independent and often conflicting nomenclature for the various forma- 
tions described, and frequently expressed contradictory opinions con- 
cerning the age of tlie same formations. For instance, as has been 
pointed out by other writers ^ with respect to the age of the White lime- 
stone, ^ the reports of the surveyors are inconsistent with one another. 
In some places (as on pp. 23 and 149) it is called Miocene; in others 
(pp. 29 and 30), Pliocene, and in the tabular view at the end of the 
volume it is labelled Post-Pliocene." Tiiis confusion is equally apparent 
concerning all other fonuations discussed. 

The report is deficient in local stratigraphic sections by which the 
discrepancies might be corrected. On the other hand, the parties who 
attempted to correlate and generalize the individual reports in the 
Appendix went to the other extreme, and reduced the nomenclature to 
a compact but an illogical arrangement. In general, the descriptive 
portions of the report are fair, but its conclusions concerning the classi- 
fication, sequence, and age of the rocks leave the reader in a state of 
confusion. 

We cannot point out all of these discrepancies ; a comparison of the 
three summaries given in diflferent parts of the volume will suflBciently 
exhibit them.^ The chief confusion resulted from the attempt of those 
who wrote the summaries to include the various formations of the local 
observers under certain broad generic terms, such as the " White " 
or " Yellow " limestones, ivhereby the whole succession and age of 
these rocks, whose correct interpretation is most essential to an under- 
standing of the geological history of the island and the Antilles, was 
confused. 

These errors resulted from erroneously correlating the Eocene Yellow 
limestones with the Miocene (old usage) Bowden beds. The former 
occur at the base of the entire series of White limestones, and the latter 

^ Jakes-Browne and Harrison, Jour. Geol. Soc. London, No. 190, Vol. XLVIII. 
p. 219. 

' Jamaican Keport, pp. 128, 186-189, and table at end of volume. 
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near the top of the same.^ Furthermore^ in this mixture the erroneoualy 
combined group was given the stratigraphic position of the Yellow lime- 
stones below the White limestones, and the age position of the Bowden 
beds. This resulted in making all the White limestone, much of which 
is pre-Miocene, appear as overlying the Bowden Oligocene. As this 
error has had far reaching importance in obscuring Antillean geology 
and paleontology, we give a brief sketch of its origin and history. 

The following section,' showing the sequence of the Jamaican forma- 
tions, was published by Woodward in 1862, seven years before the ap- 
pearance of the official reports in 1869, as a posthumous interpretation 
of Barrett's conclusions as he (Woodward) understood them. The 
names on the right are those to be used by us for the equivalent beds 
of the section. The sequence of the formations, as given in this sec- 
tion, corresponds more nearly with their true occurrence than any of 
the subsequent compilations to be noted. 




FiouBB 1. Woodward's Interpretation of Barrett's Section of the 

Jamaican Sequence. 

Barrett's Section. Equivalent Nomenclature of this Paper. 

6. Pliocene Limestone and Marls, Bowden and other Beds of the Coast 

6. Miocene Limestone, Oceanic Seriet. [Series. 

4. Orbitoidal Limestone, Cambridge Beds. 

3. Gray Shales, Richmond Beds. 

2. Cretaceous Umestone and Hippuriteg, J 3,^^ Mountain Series. 

1. Purple Conglomerate. 



i 



This original section, supposedly by Barrett, in addition to giving the 
position of the Hippnrites limestone, from which Orbitoides and Num- 
muIinsB were reported, gave in its correct place, under the name of Or- 
bitoidal limestone but without age designation, the beds called Yellow 

1 The Bowden formation, although one of the most important in the Jamaican 
sequence, and the one from which all of the alleged Miocene fossils of Jamaica 
have come, seems not to have been clearly defined or understood by these earlier 
writers, — probably because of their supposed identity with the Yellow limestone. 
See further details, pages 82-84 of this paper. 

2 The Geologist, London, 1862, Vol. V. p. 878. 
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Lmestone by Brown, which we sliall call the Cambrt<1ge formation. 
Woodward, in the text, accidentally no doubt, omits to mention this 
important formation, and erroneoualy statea * that the shalea. No. 3 of 
the figure (our Hichmond Beds), are followed by the White limestones 
of " Hioueue age." For verification he refers to a previous article by 
Barrett,* in which we can find uo meution of any such sequence. 

Later, T. Rupert Jones also published an illustration of a geological 
section which he said had been given to htm by Barrett, " whose unfor- 
tunate death had then recently occurred." This section, like that (jiven 
by Woodward, shows the stratigraphic positiou of the Orbitoidnl lime- 
atone, &, (called "Nodular Orbitoidal Limestone,"* — our Cambridge 




FiooBi 2, T, Rupert Jonet's Interpretation of Barrett'i Secdon of the 
JunaicBD Sequence. 

Beds), between the black shales (Richmond) and White limestones. In 
the legend of the section the age of the Orbitoidal formation is given 
hy a bracket as the " Miocene." This is the first section in which the 
Orbitoidal limestone (our Eocene Cambridge Beds in part) was referred 
to the Miocene. In the same section the overlying White limestones, a, 
which we will show embraces formations of the Vioksburg Eocene (old 
nmge, — called Miocene in Woodward's paper previously alluded to) is 
referred to the Pliocene. Jones states that " he understood Mr. Barrett 
to have referred the great " White limestone " to the Pliocene.* 

In 1864 Duncan and Wall wrongly correlated the Yellow Eocene 
Orbitoidal limestones at the base of the White limestones with the 
Bowden beds (Oligocene) which occur above them, and referred the 

» Tlie Oeologiir, London, 1862, Vol. V. p. 378. 

* " On Some Cretaceous Rocki in SoulheaiCem Portion of Jamaica." Quart 
Jour. Geol. Soc. 1860, Vol. XVI. pp. S24-326. 

■ Quart, Jonr. Geol Soc London, 1663, Vol. XIX. p. &1&. 

• Ibid., pp. 614, 616. 
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whole to the Miocene. They emphasized this conclusion by speaking ^ 
of Barrett's " determination of the Miocene age of the coralliferous sands 
and shales at the base of the great inclined limestone." We can find in 
literature no substantiation of this alleged assertion of Barrett, and it is 
not hi harmony with his sections as given by Woodward and Jones. 
These writers were no doubt misled by the superficial resemblance of the 
upper beds of the Blue Mountain Series to the Bowden conglomerates 
into considering them identical. 



P/anfcf/n Garden R/aer 




FxousB 8. Duncan and Wall's Section of the Jamaican Sequence. 1. White 
Limestone. 2. Miocene Marls and Sands. 7. Altered Conglomerates and 
Cretaceous Rocks Mixed with Dikes. 



In the same paper Duncan and Wall, by the figured section * repro- 
duced herewith, completely obliterated all conception of the true position 
of the Bowden formation by erroneously making it stratigraphically con- 
tinuous with the Cambridge Yellow limestone beds. In 189G we person- 
ally restudied the section between Bath and Bowden, and found that the 
relations of the beds had l)cen wrongly given by these writers, and that 
the Bowden beds, instead of being con tin nous with the Cambridge beds, 
were separated from them by all the lower White limestones as shown 
in the following section. 
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Figure 4. Correction of Duncan and Wall's Section of the Jamaican Sequence. 

These errors, as published in the Enjrlish serial literature between the 
dates of the official field work and the publication of the final report, 
were perpetuated by Ktlierid^re in tlio Appendix of the latter work. On 
page 203, our Cambrid;ie beds — which are so well described in the 
individual reports upon the western parishes under the heads of "Yellow 
Limestone" and "Calcareous Marls" — are correlated by him with the 
Bowden beds, and discussed with them (and perhaps other formations) 



1 Quart. Jour. Geol. Soc. London, 1865, Vol XXT. p. 2. 



2 Ibid., p. a 
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as a single formation under the vftgue Lead of the " Miocene." Further- 
more, the precedent of not specifying the locality from which the fossils 
came was followed in all the subsequent paleontologic literature of 
Guppy and others, and by Dall,^ who referred the rocks of Jamaica, 
included by the others in the Miocene, to the Oligocene. 

Thus the true sequence of the Jamaican strata was confused in early 
literature ; the proper place of the Cambridge beds (the true Yellow 
limestones of the west), at the base of the White Limestone Series, 
appeared for a brief moment, next to be obliterated by erroneous correla- 
tion with the entirely different and higher Bowden beds of the east, and 
all conception of the position and age of a greater part of the great 
White limestones which mostly lie between them was destroyed. This 
confusion has become so confounded in the passing years that the present 
state of knowledge to be derived from the literature is chaotic. Not 
only after reading the geologic literature of Jamaica, but after going 
over the island with these reports in hand; the opinion already expressed 
by others^ is emphasized, that "clearly there are many interesting 
questions in the geology of Jamaica which are awaiting further investi- 
gation, and the mutual relations of these white marls and limestones is 
not the least important of them." To straighten out this entanglement 
will be our earnest endeavor. 

It is but justice to say concerning the volume of official reports, that, 
despite their discrepancies, they are full of valuable uncorrelatcd data. 
Although unintelligible to one who has not studied the island, we do not 
hesitate, after two years of careful study of its pages and the localities 
of which they treat, to say that by careful re-editing, including the 
correlation of the observations on the various parishes under a uniform 
and systematic nomenclature, and striking out much of the Appendix, 
the volume could be made a valuable guidebook of Jamaican geolog}*. 
The writer appreciates the worth and value of the individual reports, 
and acknowledges that they represent important steps in the progres- 
sive research which contribute to the ultimate solution of the problems, 
and that the following pages would have been impossible without 
them. 

Ill view of the complications presented, and in the light of additional 
knowledge in the present paper, the formations will be classified de novOj 
with proper credit wherever possible for all previous determinations. 

1 Proc. U. S. National Museum, Vol. XIX., Washinjjton, 1896. 
' Jukes-Browne and Harrison, Quart. Jour. Geol. See. London, 1896, VoL XLYII. 
pp. 100, 221. 
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Our classification will differ from that of previous writers as follows. In 
accordance with modem usage, local geographic names will be used for 
formations instead of lithologic, chronologic, and paleontologic terms, so 
that where the age or relations of formations are not known, their 
identity is nevertheless preserved. Hence the terms "White Lime- 
stone," " Yellow Limestone," " Trappean Series," " Metamorphio Series," 
etc., will be abandoned. 

Inasmuch as this paper will deal largely with the formations of the 
Tertiary period, it is necessary briefly to explain the nomenclature to be 
followed. Until very recently, after the example of Dana, the American 
Tertiary has been divided into three epochs, the Eocene, Miocene, and 
Pliocene. Dall has recently adopted the European nomenclature, which 
accepts a fourth epoch, the Oligocene, interpolated between the Eocene 
and Miocene, which includes the Yicksburg stage of the Upper Eocene 
(American usage) and the older beds of the Miocene. Throughout this 
paper Ball's four divisions, as accepted by him, will be used. 

Investigations upon which the present report is based were made in 
two visits to the island in the winters of 1896 and 1897. These 
included over eight hundred miles of traverses, with studies of the 
typical localities of the previous observers, and examinations of excellent 
new exposures of structure afforded by recent railway construction. 
Careful study of material in the Museum of the Institute of Jamaica was 
made, embracing the typical collections of the official surveys. Collec- 
tions of the rocks and fossils were made wherever possible, and permis- 
sion was given by the officials of the Institute of Jamaica to borrow 
such specimens as were desired. 

My thanks are due to their Excellencies Governor Sir Henry and 
Lady Blake, the Governing Board and Professor J. E. Duerden of the 
Jamaica Institute, Mr. L. Frank of the Jamaican Railway, Mr. Henry 
Vendryes, Captain Baker and sous, Mr. Arthur James, and many others, 
for their hospitable aid in our researches. 

The following specialists have kindly assisted in a careful study of 
materials collected : Mr. Whitman Cross, in the study of the petrography 
of the igneous rocks ; Mr. T. W. Stanton, in the study of the Cretaceous 
and Eocene Mollusca; Mr. R. M. Bagg, Jr., of the New York State 
Museum, in determining the fossil Foraminifera ; Mr. G. B. Shattuck, 
of Johns Hopkins University, in studying the Cretaceous and Fx>cene 
Mollusca.^ Special thanks are due to Mr. T. Wayland Vaughan for his 

1 Mr. Shattuck has been unable to complete these studies for publication in this 
Report. His results will be presented separately at a later date. 
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exteusive, thorough, and painstaking studies of the fossil corals, includ- 
ing not only careful examination of all the material in hand, but also 
personal visits to nearly all the European Museums where the collections 
of previous workers are preserved. His determinations have been the 
chief reliance in the interpretation of many obscure points. His studies 
will be published elsewhere more in extenso. 



PAET I. 
Geography and Physiography. 

The island of Jamaica is situated between North Latji^ude 17^ 40' and 
18** 3' and West Longitude 75** 10' and 78** 23'. Its northern shore lies 
almost due south of the western half of the Sierra Macstra coast line of 
Cuba, from which it is 65 miles (nautical) distant. Between these 
islands lies the eastward prolongation of the great Bartlett depression, 
3,000 fathoms deep. The eastern coast is about the same distance from 
Cape Tiburon, the western point of the island of Haiti, and is separated 
therefrom by 1,000 fathoms of water. On the south lies a wide stretch 
of the Caribbean, 2,000 fathoms deep. Cape Gracias 6, Dios, the nearest 
Central American land on the western coast of Honduras, is 780 nautical 
miles distant. Between the Isthmian-Honduran continental littoral and 
Jamaica extends the Rosalind and Pedro Banks, less than 500 fathoms 
deep, which constitute an extensive shallow submarine platform, indented 
at one place by a narrow submarine strait of less than 1,000 fathoms. 

Jamaica is almost the exact centre of the great American Mediter- 
ranean. By drawing straight lines through the island, as shown in 
Figure 5, from Galveston to the mouth of the Orinoco, from the southern 
point of Florida to the northern part of South America, from the eastern 
end of the Antilles (St. Thomas) to the western indentations of the 
Gulf of Honduras, and from the most northern Bahama to the Gulf of 
Atrato^ the central position of the island will be apparent, for it will be 
found at the point of intersection of these radiating lines and about equi- 
distant from their termini. This central position of the island is im- 
portant from geographic, biologic, and geologic points of view, and makes 
it a typical base of study for one interested in Antillean problems. 
Like a measuring gauge set up in the middle of a stream to record the 
rise and fall of a river, it stands in the centre of the American Mediter- 
ranean, — a standard geological index of the great oscillatory changes 
of level which have taken place in the history of Tropical America, whose 
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feebler amplitudes only are indicated in the perizonal contiueutal 
borders. 

The extreme length of the island is 144 miles, its gi'eatest width is 
49 miles, and its least width is 21^ miles, from Kingston to Annatto 
Bay. The longest axis lies in east and west directions. The outline 
of the island which encloses 4,207| square miles,^ about one eleventh 
the area of Cuba and 500 square miles greater than Porto Eico, is an 
elongated parallelogram whose corners have been obliquely truncated, 
resulting in a wide oblong central area from whose east and west ends 
project two broad peninsulas. 

At first glance, the outline does not appear to have any peculiar 
meaning, but wl^pn analyzed in connection with the geologic structure 
and adjacent submarine topography, it is of great significance. An in- 
teresting feature of this outline is that, while the major trend of the 
north coast and the island as a whole is east and west, nearly one half 
the coast line is diagonal to this cardinal direction. The northwest and 
southeast trends are survivals of the earlier days of Antillean history. 
The predominant east and west directions are produced by a later 
geographic revolution. 

Configuration, — The relief of Jamaica is dominantly mountainous, 
for the interrupted Coastal Plain constitutes only a narrow fringe around 
the island. The first distant view from the east skows a group of 
mountain summits rising above the expanse of sea in a tangled mass, 
apparently without systematic ridges or secondary types of relief fea- 
tures by which its configuration can be classified. The higher summits 
of this end are usually, if not always, veiled in clouds, so that only the 
lower half of their slopes is ordinarily visible. The mists are appar- 
ently forever present in the upper regions. As the coast is more closely 
approached and the island encircled, the configuration resolves itself 
into differentiated forms, presenting four distinct and easily recognizable 
major types and numerous secondary modifications, which will now bo 
explained. Its chief features are : (1) the interior mountain ranges 
constituting the nucleus of the island ; (2) an elevated limestone 
plateau which surrounds the interior mountains, and ends abruptly 
towards the sea ; (3) the coastal bluffs or back coast border of the sea- 
ward margin of the plateau ; and (4) a series of low, flat coastal plains 
around the periphery of the island between the sea and the back coast 
border. The relation of these features is shown in the various profiles 
and sections. 

1 As giveD by the Jamaican Land Department. 
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The origin of this configuration, which is inextricably associated with 
the stratigraphio history and geologic evolution of the island, will be 
more fully explained in the later chapters of this report. 

The main mass of the island is an elevated region of rugose relief, 
consisting of a nucleal mountain range surrounded by a high dissected 
plateau. The higher region does not slope gradually to the sea, but is 
terminated near the coast by very abruptly truncated bluffs, steep slopes 
or benches, usually, but not everywhere, separated from the sea by a 
narrow strip of plain, as if the original coast margins of the mountainous 
upland once extended much farther seaward and had been horizontally 
planed away by the sea's encroachment. The abrupt sea face of the 
mountainous upland is a marked topographic peculiarity, which we shall 
call the back coast border. This narrow ribbon of coastal plain is not a 
continuous belt, but is interrupted, and constitutes an important feature 
of the Jamaican topography. The secondary features are interior basins 
and valleys in the summit of the plateau, certain coastal benches and 
terraces carved out of the margin of the back coast border, and the 
drainage valleys. 

Of these thd interior mountains and the limestone plateau are by far 
the most conspicuous features, and will be first discussed. 

The relation of the plateau region to the interior mountains is that of 
an elongated mesa or bench completely surrounding a higher sierra, the 
plateau having an outline somewhat like a child's bib, through the neck 
of which the mountains of the east protrude, surrounded by a narrow 
collar of plateau, while the main expanse or apron, which lies towards 
the west, presents occasional views of the buried mountain structure, 
through rents and holes made by water. The two types of relief of the 
upland regions are readily distinguishable, even from a great distance, 
by the entirely distinct physiognomy of their slopes. The interior moun- 
tains are marked by deeply etched knife-edged salients (cuchillas) and 
angular re-entrants which present the aspect of a crumpled handker- 
chief picked up by the middle, — an illustration used by Columbus in 
describing the mountains of the ludies to Queen Isabella. These pe- 
culiar escabrad urate ^ slopes are shown in the illustrations on Plate VI. 
The corrugations of the Blue Mountain Eidge are plainly visible from 
Kingston. On the other hand, the hills of the limestone plateau, 
whether of peaked or flattened summits, present uncorrugated, densely 
wooded slopes. 

^ From the Spunish Escabradura, signifyiDg the erosion scratches, — " Bad- 
land/' relief of American usage. 
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The Mountains of the Interior, — These comprise the Blue Mountain 
Ridge, which dominates the topography of the eastern third of the 
island, and certain peculiar isolated summits to the west of the Blue 
Mountains proper, such as Jerusalem Mountain, Westmoreland, and 
the Clarendon (Bull Head) Mountains of Clarendon Parish. The 
isolated groups occur as limited iuliers, surrounded and overlooked by 
bills of the limestone plateau. 

The Blue Mountains form a sinuous divide with many bifurcating 
branches. They extend oue third the length of the island, from near 
the eastern point towards Port Maria, and have a trend of north of west, 
parallel to the truncated northeast coast of the island. In general, this 
ridge marks the boundary between the eastern parishes of the north 
side (Portland and St. Mary) and those of the south (St. Thomas, St. 
Andrew, and St Catherine). It presents a serrated crest line with 
radiating laterals whoso summits culminate near the centre of the ridge 
in the Blue Mountain Peaks (alt. 7,3G0 feet).^ West of these peaks the 
altitudes gradually decrease until they become lower than those of the 
surrounding limestone hills beneath which the mountain structure was 
buried in ancient times. Everywhere the ridge and numerous laterals 
which project from it at right angles present the profile of an inverted 
letter V, thus A. Its configuration is singularly free from benches, 
mesa tops, or vertical escarpments, the last seldom occurring except as 
the bluffs immediately adjacent to the present stream beds. 

Imagination pictures no more exquisite scenery than that which 
attends the ascent of Blue Mountain Peak. With increasing altitude 
panorama after panorama of tropical landscape unfolds in rapid succes- 
sion. At Gordontown, nine miles north of Kingston, where the interior 
margin of the Liguanea Plain meets the mountain front, the ascent 
through the red-colored cliffs of the Hope River Canyon begins, which 
here, at an altitude of 900 feet, debouches into the gravel plain through 
a boca. A thousand feet above, the white buildings of Newcastle Bar- 
racks look like doves upon a housetop, yet we climb so far above 
them that they seem like toy houses below. At 2,000 feet the Plain 
of Liguanea with its city and villages and the shipping of Kingston 
Harbor, grow smaller and smaller, and finally appear like a diminutive 
plaza below us. Sometimes our path clings to the side of steep de- 
clivities, with an apparently endless slope above and a bottomless chasm 
below. Again, it follows a knife edge from which we can see beyond, 
on both sides of the island, the waters of the Caribbean, so distant and 

^ Altitudes given in this report are mostly from the Jamaican suryeys. 
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80 far below that no horizon can be distinguished where the gray of the 
sea meets that of the sky. Still higher, the forest covered summits of 
the limestone plateau, with its rugged back coast border, appear below 
as an unbroken meadow. 

Each step of the way is marked by wonders of the vegetal kingdom. 
At the foot is the semi-arid south coast chapparal with exogenous 
banana plants, cocoanut trees, native cactus, and acacias. Ascending 
Hope River Canyon the delicate deciduous flora of the island begins, 
while the cliffs are burdened with ferns — golden, silver, and delicate 
maidenhair — besides numerous little flowers which And foothold in 
the rocks. From 1,000 to 4,000 feet, plantations of coffee are numerous, 
finding ' congenial temperature and moisture. At 4,000 feet the gov- 
ernment has found environment for its cinchona farm. Above 6,000 
feet, in an atmosphere of perpetual humidity, tree ferns set in. In 
thiB tropical climate such alpine heights offer no obstacle to human 
environment, and to an altitude of 4,000 feet the slopes are well 
populated. 

There are many other conspicuous peaks of the Blue Mountain 
Ridge, but few of them have received local names. Sugar Loaf Peak, 
which lies just east of Blue Mountain Peak, is a part of the latter. To 
the west are Sir John's Peak, John Crow Hill,* Silver Hill, and St. 
Catherine Peak (alt. 5,036 feet). These high summits are situated 
near the central portion of the main riJge, which is crossed by five 
passes with altitudes varying between 3,000 and 4,000 feet. 

East of Kingston there are few practical openings through the Blue 
Mountain ridges which are passable on horseback. One of these is that 
of Cuna Cuna, between Port Antonio and Bowden, and traverses some 
of the most rugged and beautiful scenery on the island. Its altitude is 
2,698 feet. A good highway crosses the island through a pass in the 
ridge cut by the waters of the Agua Alta (Wag Water) between Kings- 
ton and Port Maria. 

Westward from St. Catherine Peak, almost due northeast of Kings- 
ton, the main ridge bifurcates ; the southern and larger branch continues 
in a sinuous but generally northwestern course through St. Andrew, 
where it is known as the Ram*s Horn Ridge, and *' Above Rocks," 
and on between St. Mary and St. Andrew as Goddard Ridge, to the 
drainage divide of Rio Doro and TrumbelPs River, near the line of the 
Port Antonio Railway. Several other ridges radiate from St. Catherine 
Peak to the northwest in palmate arrangement. All these branches, 

^ Not to be confused with the John Crow Mountain of the northeast coast. 
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representing the western end of the Blue Mountain ridges, terminate on 
the eastern side of the great basin of St. Thoraas-in-the-Vale. 

The mountains are composed of the friable or loosely consolidated 
shales, clays, and conglomerates of the Blue Mountain Series, with here 
aud there an exceptional local bed of limestone or an occasional dike or 
mass of igneous rock usually decomposed, all of which are intensely pli- 
cated and folded. Their present configuration is due to the readiness 
with which they yield to erosion. When one considers how rapidly 
d^radation is going on and has gone on, he can only conclude that the 
mountains were once of much greater altitude and extent. There is no 
reason why its summits in times past may not have extended as high as 
their kindred in the Sierra Maestra of Cuba, over 8,000 feet, or in San 
Domingo, over 10,000 feet. 

These Blue Mountains are the highest of an extensive system of cor- 
rugations which were partially buried, especially west of the centre of 
the island, during a former period of subsidence, beneath the veneering 
of white limestone, and which has since been re-elevated to a height of 
3,000 feet. Ouly the Blue Mountain ridges persisted as land during 
this epoch of subsidence, while the Clarendon and other westward groups 
were covered by the ocean's waters. 

The old Bltie Mountain structure and material reappear in many places 
in the great central valleys of St. Thomas-in-the-Vale, Clarendon Parish, 
Great River, and elsewhere to the west, where the later crust of the 
White Limestone Plateau has been worn away. It is also seen in the 
face of the back coast bluffs along the western half of the north side of 
the island below the limestone and above the narrow coastal benches. 
These were originally a part of the same gi-and system as the Blue 
Mountains, which were buried beneath the white limestones, and are 
now re-exposed by erosion of the latter. Let us examine some of these 
localities more closely. 

The Clarendon Mountains, — The exact geographic centre of Jamaica 
is marked by a most interesting topographic feature, an anticlinal valley 
worn out of the crest of the low arch of the White Limestone Plateau. 
This is an elongated oval area, fifly miles in length, lying mostly in 
Clarendon Parish, but extending on the southeast into St. Catherine 
and on the northwest into Trehiwney. This great amphitheatre is com- 
pletely surrounded by the inward facing breaks of the Limestone Plateau, 
which rise 2,558 feet on the south and 3,000 feet on the west side. 
Most of the area of the valley is occupied by two parallel mountainous 
ridges with laterals and disconnected outliers. The most southern ridge 
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— the drainage divide of the Minho and St. Thomas — is known as the 
"Main Ridge." The other, which lies between the drainage of the 
Minho and Cave and Pindars Kivers, may be called the Santa Maria 
, Kidge. It culminates eastward in Bull Head, an elongated summit. A 
view of the latter mountain is shown on Plate VII. These ridges con- 
sist of the same material as the Blue Mountain Eidge, present similar 
slopes with cuchillate salients, and differ only in their crests, which are 
not so serrated. They have a general north of west trend, parallel to 
that of the Blue Mountain Ridge. They are not continuous with the 
latter, whose west end terminates en echelon many miles northeast of 
where the former begin. 

The present relief of these ridges, while greatly resembling that of the 
Blue Mountains, has been produced during late epochs by the deep erosion 
of the river valleys which are parallel to them. The heights of these 
mountains (Bull Head, 2,885 feet, and the main ridge, 2,542 feet) do 
not anywhere exceed that of the circumscribing White Limestone Plateau. 
It is our opinion that they are merely modem drainage divides, their 
summits representing an older floor of a former central basin valley like 
those described on later pages. Furthermore, the data indicate that this 
older and higher floor was once completely covered by the formations 
of the White Limestone Plateau. 

In the southeast comer of Hanover Parish, in the valley of Great 
River, at Jerusalem Mountain in the north central portion of Westmore- 
land and along the northwest coast of Hanover, the Central Mountain 
rocks and structure are again exposed by denudation of the once overly- 
ing white limestone sheet as in the Chireudon district. Jerusalem Moun- 
tain is a hill 600 feet above the plain, surrounded by an amphitheatre 
of white limestone hills. The other exposures are usually shown in the 
valleys of stream ways. Probably the Great River and Jerusalem Moun- 
tain localities represent exposures of a third line of old mountain folds 
lying south of the Clarendon trend. 

In all the localities mentioned, the Central Mountain structure is 
intensely folded. In the east it is a crumpled anticline, and has evi- 
dently been subjected to the additional disturbance of a later intru- 
sion of a great mass of granitoid porphyry, with many auxiliary dikes, 
which is now exposed by erosion on the north side of the west end 
of the ridges in St. Mary. Westward the structure is that of over- 
thrown closed folds, as shown in Plate XXII., which is a view of the 
structure on the north coast near Lucea. The geologic section further 
exhibits the deformation which has produced the Blue Mountains of 
Jamaica. 
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In general, all the Central Mountain structure occurs along three 
lines of strike, probably representing the outcrop of two original lines of 
corrugation, whose ends overlap en echelon. One is the Blue Mountain 
lUdge proper ; the others are represented by the buried summits of the 
west. The Blue Mountain Eidge is the most northern and eastern of 
these old corrugations, the Clarendon and Hanover exposures an inter- 
mediate one, and the Jerusalem the most southern and western. 

While the mountain eminences of the Central type nowhere extend to 
the immediate coast, and are everywhere separated from it by the hills of 
the back coast country, the mountain structure itself is found in the 
bluffs on the north coast outcropping at the sea beneath the White 
Limestone Plateau. From this fact we conclude that, collectively, the 
Central Mountains of Jamaica represent an ancient mountainous topog- 
raphy, at one time occupying an area larger than the whole of the 
present island, and, for reasons stated in our final chapter, related to 
similar features of the other Great Antilles. 

The Plateau Region, -^ This later addition to the original island of 
Jamaica is now a much dissected plain rising 3,000 feet. Its principal 
occurrence is west of the Blue Mountains, where it extends entirely 
across the island. In the east it constitutes a narrow collar or dado of 
limestone countiy around the coastward margin of the Blue Mountain 
Bidge. In all, it occupies fully four fifths of the total area. 

As a whole, the profile of the plateau, could the irregularities of ero- 
sion be eliminated, would be a very gentle arch, from whose east and 
west axis the surface slopes towards the adjacent seas. The curves of 
this arch if continued would not reach the sea at the present truncated 
margin of the land, but intercept it quite a distance beyond either shore, 
BS shown in Figure 6, indicating that the former borders of the now re- 



FiouRE 0. Showing Truncated Margins and former Seaward Extension of 
Jamaica. — Dotted line shows Natural Profile. 

Btricted island were extended. Thus in many places the margin of this 
plateau is marked by benches and terraces, constituting the back coast 
borders presently to be described. 

By tacit consent, the innumerable eminences of the plateau which rise 
to nearly 3,000 feet are called hills in Jamaica, to distinguish them from 
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the Central Mountains. The higheBt summits of the plateau are found 
in the crests surrounding the Clarendon basin, near the centre of the 
island, which attain a maximum altitude of about 3,000 feet or less than 
one half that of the highest Blue Mountain peaks. The highest of the 
plateau remnants is Mount Diablo, which forms the divide between the 
two coasts as well as between St. Thomas and Clarendon valleys. It is 
reported to be 3,053 feet in altitude. Altitudes exceeding 2,000 feet 
continue southward from the west end of the Clarendon Valley almost 
to the southern coast of Manchester and St. Elizabeth. Some of these 
are given by the official surveys as follows : Mocha, 2,558 feet ; Cabbage 
Hall, 2,983 feet; Drayton, 2,210 feet; Sedburg, 2,269 feet; Mason's 
Run, 3,000 feet; Craig Head, 2,619 feet; Aboukir, 2,019 feet; and 
Water Mount, 1,844 feet. Don Figuera Mountains, over 2,400 feet, 
Mile Gully Mountains, 2,514 feet, and Carpenter's Mountain of Man- 
chester, 2,400 feet, are also remnants of this old plateau level, near the 
south coast of the central region. On the east the John Crow Hidge 
(alt. 2,110 feet), an elongated summit extending parallel to the coast, may 
be either a remnant of the old summit level or the oldest and highest of 
the base level plains cut out of its marginal topography. On the south 
side of the Blue Mountain Hidge the highest summit of Yallahs Mountain 
(alt. 2,254 feet) is the sole surviving remnant of the old summit topog- 
raphy of that side of the islaud. Thdse elevations indicate that the 
region of maximum altitude of the plateau was in the widest part of the 
island from near the south coast of Manchester to and just across the 
boundary of St. Ann. 

In places along the south coast there are isolated white limestone 
remnants of the plateau, which are separated from the main body by 
the wide indentations of the lower lying Coastal Plains. The Port 
Henderson and Healthshire Hills of St. Catherine, and the Braziletto 
Mountains and Portland Ridge of Clarendon, are of this type. 

The materials of the plateau and its outliers are soluble limestones, — 
old sheets of calcareous oceanic sediments now chalky or subcrystalline 
in texture, which were deposited upon and around the bases of the Cen- 
tral Mountains and attained their present altitude by a subsequent ele- 
vation. These white limestones are described elsewhere in this paper 
under the names of the Montpelier, Moueague, and Cobre formations. 
The details of the configuration are largely due to the peculiar solvent 
character of the limestone. These hills, especially in the interior, owe 
their configuration largely to the agency of solution, while the forms of 
the Central Mountains are due entirely to denudation. So important 
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and wide reaching are the influences of sohition that it must be cou- 
stantlj considered in a discussion of the region. 

The summit of the plateau is a roughly serrated hilly country, in- 
dented by cockpits (sinkholes), subcircular basin valleys, and deep drain- 
ageways leading to the sea. In many places the surface is marked by 
jagged honeycombed rocks, between which grows a dense tropical foliage. 
Knife-edged lateral salients, like those which characterize the Central 
Moimtains, are missing from this topography. Steep bluffs, undermin- 
ing benches, caverns, and sinkholes abound. 

The Coclqnt Country, — The origin of the ragged summit topography 
of the White Limestone Plateau, and the evolution of the numerous in- 
terior basin valleys of which they are antecedent, can be best illustrated 
by a description of " the cockpit country," as it is locally called ; this, 
with its modifications, includes the whole of the high interior portions 
of the parishes of St. Ann, Trelawney, St. James, Hanover, Westmore- 
land, Manchester, and St. Elizabeth, to the west and north of the 
Clarendon ridges, although the cockpits are limited to a rough district 
embracing the comers of Trelawney and St. James. In the interior of 
the western half of the island the hills are sharply rounded conicval 
points. Towards the coast there are long flat-topped ridges with steep 
slopes, such as the John Crow Ridge of Portland, Yallahs Ridge of St. 
Thomas, Long Mountain of St. Andrew, the Healthshire Hills of St. 
Catherine, the Portland Hills of Clarendon, and others. Still another 
type are flat-topped circular mesas with steep walls, such as occur in 
parts of Westmoreland and Hanover. 

The cockpits are primarily deep funnel-shaped sinkholes, from which 
the drainage percolates downward into the cavities and fissures of the 
underlying rocks. The steep acclivities of these holes ascend into 
pointed conical hills. Their origin and evolution is shown upon the 
accompanying figure. The pits vary in depth from shallow circular 
basin-like depressions surrounded by low mammillary hills (Fig. 7, i) 
which mark the youthful stage of their formation, to deep-sided sinks 
often 500 feet in depth, denoting the acute stage of development (Fig. 7, ii). 
Both these types are common on the summit region, where there is no 
surface drainage, the water settling in pools and penetrating down into 
the soluble and open textured substructure, carrying with it lime in 
solution and leaving behind as soil and in the cavities of the limestone 
a blood red residuum of iron and clay, as may be seen in many fine 
vertical sections cut along the line of the newly constructed Montego 
Bay Railway, 
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The two foregoing stages of the cockpit topography are always de- 
veloped in the upper part of the white limestones. Below these is 
another limestone formation of more even texture, still soluble but less 
pervious than the former, which forms a temporary resistance plane to 
the progress of degradation. Still below the latter are the nodular 
limestones, clays, and conglomerates of the older insoluble and imper- 
vious formation whose close texture stops the further downward progress 
of the lime-charged waters which must then find passage in sub-horizontal 
directions. 

When the bottoms of the cockpits reach the temporary resistance 
layers of the second group of limestone beds (Fig. 7, iii) their peri- 
meters begin to expand laterally, thereby forming peculiar round or 
oval valleys with steep sides, commonly known in Jamaica as light- 
holes (Plate IX. Fig. 2). The downward process continues below the 
lower limestone, first dissecting it into flat-topped renmants, as shown 
in Figure 7, iv and v, and finally removing it entirely. 

When the insoluble beds of the older uucleal mountain material are 
reached, the cockpit topography enters a period of decadence. Down^ 
ward degradation by solution ceases; the valleys expand by lateral 
erosion (Fig. 7, vi) and extensive circular enclosed basin valleys result. 
Furthermore, great springs of water break out at the contact of the 
limestones and clays, and establish corrasive drainage, absent in the 
higher limestone districts, which etches the floor of these basins into 
miniature mountain forms, thus reviving the ancient antecedent topog- 
raphy. The barriers between these valleys and the coastal drainage 
are ultimately captured by the latter, and in this manner some of the 
valleys have become connected with the Coastal Plains of the Liguanea 
type to be described. Such is the evolution of the topography of the 
cockpit country and the origin of the interior basin valleys of Jamaica. 

The Interior Basin Valleys. — The many basin -shaped depressions 
occurring throughout the plateau region constitute some of the most 
interesting physiographic features of the island. Although varying in 
dimensions, these are all of a uniform type, consisting of deep depres- 
sions in the summit of the plateau, enclosed by rugged limestone walls, 
and having a floor established upon the rocks of the Blue Mountain 
Series, and are covered by accumulations of alluvium or residual soils. 
The valleys differ from one another chiefly in area and irregularities of 
the relief of the basin bottoms which seldom exceed 400 feet in altitude 
above sea level, while the perimeters of surrounding hills rise from 1,200 
to 2,500 feet above them, the height varying in different localities. In 
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Fiouita 7. Evolution of the Cockpit Topography. 
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many cases these valleys have no superficial outletting drainage, while 
in others the barriers have been partially eroded away, and they are 
drained by rivers leading to the sea. 

The largest of these depressions are those of St. Thomas-in-the-Yale, 
the great Vale of Clarendon, surrounding the Clarendon Mountains, the 
Hector River Basin in northern Manchester, and the Niagara River 
Valley along the boundary of St. Elizabeth and St. James. Montpelier 
Valley along Great River in Hanover, and Morgan's Gut Valley in 
Westmoreland, are similar basins which have had drainage gaps cut 
through their surrounding barriers. The latter now constitutes an in- 
terior embayment of the great plain of Savanna-la-Mar. 

The valley of St. Thomas-in-the-Vale is almost circular in outline 
and its floor has a diameter of ten miles. Its bottom is largely covered 
with old alluvium. The mountainous scenery encircling this basin is 
beautiful beyond description. From Ewarton can be seen a band of 
white limestone, rising on the west side of the valley in a gentle arch, 
and extending for miles towards Moneague. This band has a steep 
face, and is crested by rugged points forming the plateau summit. The 
culmination of this arch is Mount Diablo, whose summit is 2,500 feet 
above the bottom of the basin. This valley is drained by about ten 
copious streams, which gather into a single arterial trunk, the Rio Cobre, 
by which they pass to the sea through the narrow gorge of Bog Walk 
Canyon. These streams have their sources in springs or caverns in 
lower portions of the limestone formation of tho hilly perimeter near 
their contact with the impervious Blue Mountain Series. At one 
time in its history this valley had no direct outlet to the sea, but con- 
nection has been made by encroachment upon the divide by the former 
headwaters of the Rio Cobre, which was originally a simple marginal 
coastal stream, and its capture of the basin drainage. 

The Clarendon Valley has been partially described in our remarks on 
the Clarendon Mountains. While this is of the same general type and 
origin as that of St. Thomas-in-the-Vale it differs from it in details of 
configuration, chief of which is the fact that the Clarendon Mountains 
rise from its centre so that the valley proper is confined to an a^nnular 
area lying between these mountains and the surrounding white lime- 
stone escarpments. The Clarendon Valley is about 50 miles in length 
and 25 miles in width. Its longer direction corresponds with that 
of the axis of the plateau. The drainage, like that of St. Thomas-in- 
the-Vale, concentrates into an arterial trunk known as the Minho, 
through the canyon of which it outlets to the south coast. 
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The pouch-like basin of Hector Eiver is almost connected with the 
northwest end of Clarendon Basin. At present the two are separated 
by a low drainage saddle which has no direct outlet to the sea. The 
stream from which the basin takes its name rises from springs at its 
west end, and sinks into the limestones to the east. Cave Valley in St. 
Ann Parish, is four miles in diameter, and is also almost connected with 
the Clarendon Valley, but is separated from it by a narrow limestone 
ridge less than a mile in width. 

West of the Clarendon Basin similar circular depressions occur at 
short intervals, such as those at Oxford, on the boundary of the parishes 
of Manchester and St. Elizabeth ; the great headwater amphitheatre of 
Black Eiver, St. Elizabeth ; the basins of Niagara River, the Mulgrave 
and Ipswich sinks ; the Cambridge Basin ; the basins at the head of 
Koariiig River, and the King's Valley Basin near Jerusalem, the last two 
of which open into the Savanna-la-Mar (Plain by the Sea). Of these the 
Niagara, Mulgrave, and Ipswich basins have no drainage outlets. 

The basins above described constitute a line of depressions along the 
central axis of the plateau. North of these in the high plateau region 
of the parishes of Trelawney and St. Ann, are many other basins. The 
most eastern of these, the Hampshire Valley, is about eight miles in 
length and averages less than two miles in width. The bottom of this 
basin barely reaches, if it does reach, the buried Blue Mountain struc- 
ture, and has an elevation of about 400 feet. The surrounding hills rise 
1,200 feet or more. To the west the Hampshire Valley is duplicated in 
miniature by the Basin Fontabelle. Then comes the Queen of Spain's 
Valley, a subcircular area five miles in diameter, whose bottom cuts 
down to within 370 feet of sea level. Only a low gap divides the latter 
from the great amphitheatre of Sunderland in St. James, which has been 
captured by the headwaters of the Montego River. South of this is the 
basin of Maroontown. 

There are many other smaller and less important sinks in the western 
portion of the island, but those we have enumerated show the character 
of these widely distributed phenomena. From our descriptions it will 
he seen that many sinks have no outlet to the sea, although in their 
bottoms may be found limpid streams of water. The barriers of others, 
like those of Anchovy, Montpelier, Cambridge, and Chesterfield, lying 
along Great River, have been broken by capturing drainage, become 
connected with adjacent basins or coastal plains, and found outlets to 
the sea by the union of several streams. Others, like the Clarendon and 
St Thomas valleys, were once entirely enclosed, but in later times have 
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found narrow outlets through ungia gorges. Still others, like the boBJii 
of WeBtmoreland, have had their coaatward barriera largely deBtroj^ed. 
lu all, the; are interesting features of the decay of the limestone 
plateau. The entire series of depressions we have deaoribed — the first 
incipient "hog-wallow "-like swales of the plateau, the acute cockpits, 
the small well shaped sinks of the Hampshire type, the great expanded 
basins of St. Thomas and Clarendon, and the old basins which have 
had their barriers partially broken away — are a series of connected 
phenomena, and illustrate the powerful efioot of solution and erosion 
in producing tlie hilly topography of the White Limestone districts of 
Jamaica and the Tropics in general, and in degrading the plateau to the 
level of the sea. Should the inland undergo no more uplift, the agency 




Fioijsx 8. View of Back Coait Border from Sock Fort. 

of solution alone wonld ultimately entirely remove the white limcatonea 
now veueertug the older foundation of insoluble Blue Mountain rocks 
underlying tliem. Not only has the plateau region undergone vertical 
disintegration by erosion and solution, but, as will now be shown, ita 
margins have been similarly affected. 

Topography of the Back Coast Border. — The former areal extent 
of Jamaica has been constricted by the horizontal planing away of its 
aoaward margin, as shown by a further study of the back coast topog* 
nipliy. This, as distinguished from the narrow strips of coastal plains 
at its foot, which will be neit described, presents a steeplv sloping 
mountainous sea front rising sharply above the sea eicept where cut 
through by transecting drainage, and its skyline has an average altitude 
of 1,300 feet along the north coast. 
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To the ordinary traveller this back coast topography is principally 
interesting from its scenic features. To the topographer it reveals a 
series of most interesting ancient terrace levels, which give important 
testimony concerning the history of the island. Some of these are 
beautifully shown on the east side of Montego Bay (see Plate XX.), 
where six distinct levels or benches separated by deep slopes rise above 
the sea in stair-like arrangement. At no other single locality are so 
many of these levels shown in such close juxtaposition but one or more 
of them can be individually distinguished at many localities entirely 
around the island, as well as some others as high as 2,000 feet. At a 
single glance these terraces in Jamaica do not present the perfection of 
the allied phenomena exhibited on the southeast coast of Cuba, but 
nevertheless, they record a similar geological history. 

Naturally the integrity of these levels varies with their relative age 
and altitude. Those of higher altitudes are more fragmentary because 
degradational processes have been working upon them longer. Frag« 
ments of the lower benches are better preserved, although much broken 
by erosion, while none of them are as perfect in contour as the benches 
of the Coastal Plain. All have been cut across by rivers, etched and 
dissolved by rainfall, and undermined by encroachment of the waves, so 
that they are now often indistinct, but there are sufficient remnants in 
Jamaica to enable the student of geomorphology to recognize them. 
• Without an accurate topographic survey of the island, it is impossible 
to correlate correctly all the different benches or to do more than approxi- 
mate their altitudes. The following general statements concerning them 
are based upon personal observations. The high sky line of the back 
coast border, as seen from the sea, in some cases represents the survival 
of the oldest summit topography of the plateau, and in others benches 
and terraces which have been successively cut out of it during inters 
mittent periods of elevation. The highest of the old benches is John 
Crow Ridge, a long narrow shoulder which is seen in approaching the 
island from the Windward Passage ; it projects seaward from the Blue 
Mountains and extends from back of Northeast Point near Port Antonio 
southeast to Holland Bay. It may be a remnant of the summit topog- . 
raphy of the old plateau level. It is apparently a continuous hori- 
zontal plateau composed of several patches of level surface, ending to 
the southeast with the area known as the " Big Level." The interior 
or landward side of the John Crow Plateau is now separated from the 
Blue Mountain Kidge by the tremendous ravine of the Rio Grande. 
The higher summit of Yallahs Mountain on the south coast (see Plate 
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XIII. Fig. 2) is also apparently a reniDant of the same level as the John 
Crow Bench, but the writer cannot positively establish this fact aa he 
did not ascend to the summit of this hill. Probably Dolphin Head 
(alt. 1,800 feet) and other points of Hanover near the west end of the 
island are remnants of the John Crow level. 

The next persistent level traceable in the back coast topography 
closely corresponds with the altitude of 1,500 feet. This is etched with 
great clearness upon the outline of the island, being noticeable as the 
long horizontal sky line of many of the so called mountains of which 
Long Mountain east of Kingston is a conspicuous type. On the south 
side of the island this is widely developed at many places, notably at 
Cambridge Hill (alt. 1,521 feet) west of the Yallahs River; Mount 
Salas (alt. 1,561 feet) ; Long Mountain, near Kingston (alt. 1,490 feet) ; 
and several localities along the coast of St. Elizabeth and Manchester, 
and the coast of Westmoreland at Hopeton. Another notable extent 
of this level is seen to the right of Porua along the railway towards 
Montego Bay. This general level is not visible in the north coast 
topography. 

The next conspicuous bench has an altitude closely approximating 
1,000 feet, the known altitudes ranging from 961 to 1,035 feet. This 
level is that of a greatly dissected plain, which dominates the summit 
topography of the back coast country of the north side of the island 
west of Port Antonio, and out of which all the lower terraces shown in 
the picture of Montego Bay (Plate XX.) have been cut. These summits 
called the " North Coast Ranges " are especially characteristic of a wide 
strip of country in Hanover, St. James, Trelawney, St. Ann, and St. 
Mary. On the south coast it is well marked, constituting the angular 
bench of the Yallahs Mountain profile, and a conspicuous ridge to the 
east towards Morant Bay as shown in Plate XIII. Fig. 2. These 
benches at the 2,100, 1,500, and 1,000 foot levels, are connected 
phenomena and represent a distinct stage of elevation in Antillean 
history. 




Figure 9. Profile, East Side of Montego Bay, showing Benches. 

A lower group of bench levels occurs at altitudes of 650, 300, and 
200 feet, becoming more distinct and persistent with decreasing alti- 
tude. The terraces of the Montego profile shown in Figure 9 mostly 
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beloDg to the lower group of levels. On the south coast the 650 feet 
level may be seen in the Yallalis topography, the summit of Round 
Mountain, at Yere, and the Healthshire Hills west of Port Royal en- 
trance. The 300 foot bench, or Bow den level, is very conspicuous around 
the east end of the island from Yallahs Mountain on the south to Port 
Antonio on the north, as well as on the west coast of the north side, at 
Cinnamon Hill and elsewhere in St. Ann, Trelawney, and St. James. 

The back coast benches enumerated have all been cut out of the land 
by gradational processes (base levelling and marine erosion) and represent 
pausation stages in two long continued periods of elevation. Those be- 
tween 700 and 2,000 feet were carved out of the white limestone matrix 
during the first period of emergence from the sea. The benches, from 
100 to 700 feet in altitude are also cut out of the old limestone matrix, 
but were probably made during a second period of emergence and erosion 
following a period of subsidence as is explained later on. 

This abrupt ending of the land, considered in conuection with its ac- 
companying terraces, the arch of the summit region, and the narrow 
submerged platform around the island, strongly suggests, as outlined in 
the geologic chapters of this paper, that the Limestone Plateau was once 
more extensive land, which, after its first elevation, underwent marginal 
erosion, drowning of its coastal plains by partial subsidence, and re-ele- 
vation into its present outline. 

From the data given in the geologic portion of this paper, the time of 
these events was between the beginning of the Miocene (late Oligocene) 
and Pliocene time. There is much evidence that old gradational terraces 
of this type continue lower down upon the submerged slopes of the 
island, and that the phenomena of the Coastal Plain, next to be described, 
represent veneerings of organic, littoral, and terrigenous deposits upon 
old erosion planes of t^his character. 

Benches of the Coast Plains, — A narrow strip of low land extends 
more or less interruptedly around the island, between the sea and the 
back coast border. In some places this is an old beach only a few feet 
wide ; in others it has greater width and indents the back coast border 
for miles. This coastal strip is composite in character, being of three 
types of formations, such as elevated reef rock, marginal sea debris, and 
land derived alluvium. It presents distinct features of relief, including 
several benches of different height and origin, and a long and gentle 
slope known as the Liguanea Plain. The basements of these benches 
are old erosion levels which were submerged, covered with a veneering 
of constructional material, and re-elevated into land. 
VOL. xzxiv. 8 
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The highest of the benches composed of sea sediments are from 100 
to 150 feet. These are well exposed around the east point of the island 
and along the north coast, where they occur in more or less disconnected 




Figure 10. Benches of the Coastal Plain, St. James. 

patches. The bench at Manchioneal, shown on Plate XVII., is typical of 
this class. This is a well defined but narrow shoulder projecting from 
the higher back coast topography, with a vertical sea bluff. At Port 




Figure 11. Folly Point, Port Antonio, showing Coast Benches. 



Antonio this level is shown at the end of the long peninsula known as 
Folly Point, upon which the Boston Fruit Company's hotel is situated 
(Figure 11) as well as in the flat summit of Navy Island, lying a short 
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distance to the vest thereof. At Fort Maria the aame plain is visible 
both on the mainland and on Cabaretta Island, shown in Plate XIII. 
Fig. 1, which has been hut lately severed from it. Tbia level ia largely, 
if not entirely, composed of the old Pliocene mai^nal sediments of the 
sea which have been raised to their present position by epcirogeuio 




The Elevated Reef Leveln. — These are more fully deacribed in a later 
chapter.'- They are tbroo in number, approximating 16, 25, and 60 feet 
above the sea, respectivelv. Only the lowest of these has any consider- 
able extent. These benches are usually composed of single strata, no- 
where over 50 feet in thicknesa, made up of cornl beads in titu and 




FiouKS 13. Elevated Reef«, Nortbeait Point 

interstitial debris of the reefs, aa they originally grew in the water, upon 
ahallotr submerged benches or marginal platfomiB, similar to those upon 
which they are now growing around the island, and which have since 
been brought into their present position by elevation of the island. 
' Tbete are more full; diicuMed in tlie geologic portlan of this paper. 
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The lowest reef constitutes a narrow rugose plain with a precipitous 
undermining bluff at its seaward margin, as shown in Figure Id, and 
occurs intermittently entirely around the island tipping the mai^iual 
points as seen upon the geological map. The surface is weathered into 
coarse, cavernous karrenfelder, the so called soborruco. 

The lowest marginal plain next to the sea to which this reef belongs 
is a narrow strip of country seldom exceeding a half mile in width, and 
occurs nearly everywhere between the water's edge and the back coast 
bluffs. It is not everywhere composed of reef rock, however. In places it 
is calcareous saud and marl, which in some instances represent old littoral 
deposits and in others the ddbris which may have filled narrow lagoons 
between the fringing reefs and the coast, and which have been synchro- 
nously elevated with the reefs. 

Coast Plains of the Ltguanea Type. — The coastal plains and slopes 
covered with alluvium are of a peculiar type, and represent old plains of 
erosion ; they include ancient bights eroded out of the plateau margin, 
and covered during long epochs of time by gravel and other aggrada- 
tional land material. The deposits are composite in age, being contem- 
poraueous in some stages of their history with the events of all three of 
the terrace-making epochs. All plains of this character are not hori- 
zontal, but have considerable slope from their interior margins towards 
the sea, and at least, in the case of Liguanea, much of the aggradational 
deposits were probably laid down as talus fans. These plains comprise 
extensive areas indenting the back coast topography, especially on the 
south side of the island, which is indented by them at eight places. In 
the eastern portion the plains, like those at the mouth of the Plantain 
Garden, the Negro, and the Yallahs Rivers, are more elongated and nar- 
row than to the west, where as a rule they are much broader than they 
are long. 

The most extensive of these phenomena is the Plain of Liguanea upon 
which Kingston is situated (see Figure 8). This is over twenty-five 
miles in length and averaging six miles in width. This is greatest near 
its western end in the district of Vere, Parish of Clarendon, where it 
is about fifteen miles. In all, it includes about 200 square miles. 
In general, the plain has the outline of a parallelogram, extending 
in an east and west direction from Hope River and Long Moun- 
tain through the parishes of St. Andrew and St. Catherine, to Claren- 
don Gully, some two miles west of Old Harbor. Its eastern and 
western thirds border the coast, but its central third, south of Spanish 
Town, is separated from the sea in two places; at one by the Port- 
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land Bidge of Clarendon, which constitutes the southern peninsula of 
the island, and at another by the extensive outliers of the Limestone 
Plateau known as the Healthshire and Port Henderson Hills, opposite 
the Naval Station of Port lloyal. The latter are conspicuous features 
to the west as one enters Kingston Harbor. Tiie Braziletto Hills of 
Clarendon extend into this plain, almost separating it into eastern and 
western divisions. The term Liguanea is restricted in local usage to 
that portion of the plain lying east of this prolongation. The interior 
margin of the plain terminates against the steep white limestone topog- 
raphy, except just noilh of Kingston, where it abuts against the Blue 
Mountain ridges proper. This interior margin is over 800 feet high 
near Constant Springs, whence it slopes rapidly to the sea at Kingston, 
six and a half miles distant. 

In comparison with regions underlain by other formations, the physical 
aspect of this plain is arid and sterile. Tho flora, including thorny 
acacias and cactus, tends towards the chapparal type so character- 
istic of the Kio Grande Plain of Mexico and Texas, and presents a 
striking contrast to the deciduous tropical flora of the remainder of 
the island. To the west the next extensive plain of this character, 
known as the Pedro Plain in St. Elizabeth, indents the land to the 
east and north of Black Eiver Bay. Its estimated area is over 100 
square miles. This is analogous to the Plain of Liguanea, except 
that it contains much marshy ground, and tho gravel formation is accom- 
panied by marls. Back of Savanna-la-Mar there is another extensive 
plain of this type, which continues inward nearly one half the dis- 
tance across the island. This is cut entirely out of the limestone hills, 
and, inasmuch as there is little gravel in the back country, the formation 
is of a marly nature. This plain is fully 100 square miles in area. On 
the west it is almost connected by a narrow arm with the marshes which 
border the western coast of the island. Plains of this character are sin- 
gularly absent from the north side except at Montego Bay adjacent to 
the mouth of Montego River, where they are more feebly developed than 
on the south coast. 

The history of the Liguanea type of Plains is a record of four dis- 
tinct events : (1) the original cutting out of the topographic matrix 
during an antecedent period of base levelling; (2) the filling in of 
the debris which composes the present surface material of the plains ; 
(3) the elevation of the plains into their present position above the sea ; 
and (4) the cutting of the modern stream ways across them. The sur- 
face formation of these plains is clearly deposited in pre-eroded valleys 
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carved out of the White Limestone Plateau in preceding erosion epochs 
which took place during the rapid elevation of the island in Middle 
Tertiary time. It is evident that during Subsequent epochs of sub- 
sidence these valleys were drowned and filled with alluvium from the 
bocas of the rivers which then debouched at their interior maigins, and 
have cut lower streamways through them since the later periods of 
slight uplift which produced the reef levels. 

The frequent occurrence of these plains on the south side and their 
scanty development on the north side of the island gives rise to a 
series of inquiries concerning the geographic extent of the island at the 
time of their formation. It might at first appear that a more extensive 
land area existed to the northward than at present, but on closer 
examination this hypothesis is untenable. The greater development 
of these old valleys on the south is due to the fact that the east and 
west axis of highest elevation lies nearer the north coast than the south, 
and the principal slope has long been in the latter direction. An inti- 
mate topographic relation exists between the aggradational plains of 
the coast and the large central basin valleys, and they present synchro- 
nous and parallel stages of development. In later times the two have 
been united in several places by headwater erosion^ as shown in our 
discussion of the basins. 

Drainage, — The drainage of Jamaica is peculiar, that of the Blue 
Mountain districts being frequent and constant in occurrence and 
copious in run-off, while in the region of the Limestone Plateau it is 
superficially somewhat deficient in streams which are largely of an 
underground nature. As a whole, the island presents two major types 
of streams, one of simple autogenous rivers flowing to either coast, and 
the other of the streams of the interior basins which have no outlet to 
the sea ; a third and more complicated type of drainage, a combination 
of the two preceding, has been produced in certain instances by the 
capture of the second by the first type. 

The rivers of the eastern third of the island divert to either ocean 
from the Blue Mountain Ridge. This drainage is mostly normal to the 
coast, with the exception of the Rio Grande of the north side, the Negro 
River of the south side, Plantain Garden River of the east coast, and 
Yallahs River ; these are probably the most ancient members of the 
system, and flow for a large portion of their distances in directions sub- 
pamllel to the main trend of the Blue Mountain axis, that is, in north- 
west and soutlieast directions. The streams of this region are marked 
by deep V-shaped canyons in their upper courses and great deposits of 



HILL: GEOLOGY OF JAMAICA. 39 

ancient alluvium in their lower parts. The nin-ofif is constant, but 
variable in quantity owing to torrents. The wide alluvial filled valleys 
of the Liguanea type, through which the lower portions of the streams 
now cross to the sea, indicate the following episodes of history : — The 
bights occupied by the plains were once headwater amphitheatres from 
which the streams flowed out across a wider coastal border than the 
present. This extended margin was subsequently drowned by sub- 
sidence, so that the original headwater amphitheatres became estuaries 
indenting the coast into which the streams then debouched. Finally, 
elevation extended the headwaters of the streams, partially reclaimed 
the Coastal Plain, and revived the old lower channels or established 
newer courses across them to the sea. 

The drainage of the White Limestone Plateau of the western two 
thirds of the island is both superficial and underground. The former 
includes the older and longer streams, such as the Cobre, Milk Eiver, 
Black River (St. Elizabeth), Island Eiver, and New Savanna Iliver of the 
south coast; Orange River, Island River, Lucea River, Great River, 
Montego River, and Roaring River of the north coast, which in general 
present the same history as the streams of the Blue Mountain Ridge. 
These are ancient streams, which once brought down immense alluvial 
deposits now forming the material of the Coastal Plains, through which, 
since the slight elevation of the latter, they have cut newer direct 
channels to the sea. Others of this class consist of the short, simple, 
autogenous streams, probably of later origin, which drain from the blufifs 
of the back coast border, and are especially well shown along the north 
coast of St. Ann. 

A third and entirely different type of streams, found only in the 
basins of the Limestone Plateau summit region, include the short local 
streams which rise from springs or caverns near the contact of the 
White Limestone and Blue Mountain Series. These flow for short 
distances, then disappear into the ground without having any visible 
outlet to the sea. Of this type of rivers are the Minho and Rio Hoe 
near Moneague ; Great River in the southeast corner of St. Ann ; Pedro 
River, which sinks at the comer of St. Ann, Clarendon, and St. Cath- 
erine; Yankee and Cave Rivers, which unite and disappear into a sink 
on the border of St. Ann and Clarendon (the latter river is ten miles 
long) ; Hector's River, forming the boundary of Manchester, Trelawney, 
(about as long as the last stream,) sinking at the northeast comer of 
St. Elizabeth ; Hicks River in Trelawney ; Pine and Dry Rivers in the 
northern part of St. Elizabeth ; Niagara, Chester, and Tangle Rivers in 
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the southern part of St. James ; Cutting-Grass-Spots and Dean's Rivers, 
Westmoreland ; and Content Hiver in Hanover. It is supposed that the 
waters of these streams, after sinking into the ground, in some instances 
find underground connection along the contact of the Blue Mountain 
and White Limestone Series and into the coastal streams. In many 
cases the headwaters of the mai^ginal streams have captured the drainage 
of the great interior basin valleys, especially the Minho, Cobre, Montego, 
Black River, and Great River. This is shown by the fact that the 
middle portion of these streams, where they cut the White Limestone 
Ridge between the plains and the central valleys, have newly formed V- 
shaped canyons containing no alluvial material such as occurs in the 
interior valleys which they drain and the lower Coastal Plains through 
which they flow. The topography of Bog Walk Canyon, shown on 
Plate X., illustrates the character of the more newly made, interme- 
diate, connective portions of this compound type of streams. 

Without details of the geologic structure, it is evident from this 
topographic review that the present land features of Jamaica are of 
complex origin, and record many past events of uplift and subsidence 
which have produced different phases of configuration and outline at 
different epochs of its history. 

Summarized, this history involves : — 

(1) Two periods of mountain making (including the elevation of the 
plateau in this category) accompanied by greater expansion of the 
island than its present area. The first of these has prevalent north of 
west trends ; those of the second are east and west. The profiles of the 
former are angular, of the latter gently arched. 

(2) Two great epochs of subsidence and contraction of the land, 
alternating with periods of elevation. 

(3) Later uniform elevation which added the narrow modem coastal 
phenomena. 

Finally, we may add that the configuration of Jamaica does not 
cease at sea level, but there is every evidence that the visible portion of 
the island is only the tip of a more extensive foundation below the 
level of the sea, which, especially to the south and east, presents 
terraced features somewhat similar to those of the exposed coast borders, 
and which indicate that once the island was slightly more extensive 
than at present. 
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PART II. 
Geologrioal Structure and Sequence. 

The geologic formations of Jamaica belong to four great categories, as 
follows : — 

1. A fundamental series of stratified shales and conglomerates (of 
terrigenous origin), tuffs and other debris of volcauio material (whose 
source is not apparent) and, rarely, marine limestones and marls, — all 
of which have suffered great displacement and deformation. This series 
characterizes the higher mountains and forms the nucleus of the 
island structure upon or around which all subsequent formations have 
accumulated. 

2. A series of organically derived oceanic material — marls and lime- 
stones — which rest unconformably against and upon but do not com- 
pletely overlap the more elevated outcrops of the first mentioned series. 
It constitutes piedmontal formations of great thickness around bases of 
the higher mountain summits. 

3. Laccoliths, dikes, and sills of igneous rocks, which penetrate the 
first series and the lower portion of the second, and are, therefore, of 
later age than both. 

4. Certain deposits of alluvium, oceanic marls, and coral reef rock, 
which are adjacent to the present coasts and represent fringing reefs 
and other accretions around the island's border after it had almost 
attained its present area and outline. 

These four series of rocks are uncomformable to one another, and are 
the products of the greater events in the geologic history of the island. 
Together with the formations composing them» they are tabulated on 
the following page. 

The Blue Mountain Series. 

This series comprises the oldest rocks of the island. It consists of 
loose or slightly indurated beds of gravel, clay, boulders, and tuffs, with 
exceptional beds or bosses of hard indurated limestones and yellow clay. 
The rocks are usually of dark color (black, blue, or dull chocolate), in 
strong contrast to the glaringly light colors which characterize the suc- 
ceeding formations of the Oceanic and Coastal Series. The material, 
with the exception of occasional limestone beds and a few outcrops of clay 
marls, can bo traced to igneous rocks ; it was first volcanic ejecta and 
subsequently and successively underwent various detprees of attrition 
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and sedimentation from coarse boulders and tuffs to finely triturated 
impure clay shale, — a process indicating extensive working over. These 
rocks are the material of the Central Mountains, composing the emi- 
nences above 3,000 feet, such as the Blue Mountain Kidge. They 
undoubtedly underlie the surface rocks of the rest of the island as occa- 
sionally revealed by erosion through the white limestone which veneers 
them, as seen in some of the central basin valleys, the canyons of the 
marginal streams, and certain bluffs of the back coast border along the 
northwest coast. 

Kowhere on the island can all the beds of the series be seen in con- 
tinuous exposure. As has been noted ^ concerning the rocks of the 
Blue Mountain district, *^ the strata are so excessively disturbed, so 
traversed and semi-metamorphosed by dikes of syenite and mixed up 
with porphyritic masses, that it is impossible to observe the intricacies 
of the stratification or to determine the sequence of the beds inter se 
without a lengthened and detailed investigation.'' Sufi&cient is known 
to state that it probably exceeds 5,000 feet. 

Previous attempts to classify the rocks which are collectively arranged 
iu this series have been confusing and unsatisfactory. De la Beche,' 
who first described them in 1828, referred them as follows : " Submedial 
or Transition Rocks" (Cambrian), "Submedial or Transition Lime- 
stone" (Cambrian), Medial or Carboniferous Eocks," and the " Super- 
xnedial or Secondary Rocks." The members of the later ofl&cial survey 
showed that De la Beche's age determinations were erroneous, and the 
rocks were of Cretaceous and Eocene age. These writers gave no satis- 
factory statement of the subdivisions, which were described in a con- 
flicting manner," chiefly as the " Metamorphosed Series," ** Black Shale," 

1 Wall and Dancan, Quart. Jour. Geol. See. London, Vol. XXL, 1865. 

2 Mem. Trans. Geol. Soc. London, No. 36, 1826, pp. 151-169. 

* The following names, many of them no doubt synonyms, are used in the 
Jamaican Report for beds included in our Blu« Mountain Series : — 

Lower Tertiary or Conglomerate Series ; the Trappean Series ; sandstone and 
grarel ; upper sandstone clays and shales ; black shale ; Carbonaceous shales ; 
sandstone formation; conglomerate. 

Upper conglomerate ; upper conglomerate series ; lower conglomerate, etc. 

Purple shale and conglomerate ; purple shale and conglomerate formation. 

Cretaceous group ; Cretaceous limestone ; Cretaceous series ; Cretaceous and 
Hippurite limestone. 

Metamorphosed Series ; Metamorphosed or altered rocks ; Metamorphosed 
Series and igneous dikes; Metamorphosed conglomerate; Altered stratified and 
igneous rocks; Altered Stratified Series. 

Igneous formation ; igneous rocks ; porphyritic dikes, granite rocks, syenite, 
granite, and syenite of Tertiary age. 
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"Trappean Series," ''Cretaceous Limestone/' and "Yellow Limestone" 
(as used for the western parishes). 

While it is still impossible completely to differentiate all the beds of 
the Blue Mountain Series, 'our observations have enabled us to make 
a more accurate classification of them than any hitherto presented, 
which may be stated as follows : — 

Upper Division 
(Eocene) 



Blue Mountain Series 



Richmond Beds. 



Lower Division 



Minho 



Beds. 



(Upper Cretaceous) Ballard 

Logie Green 
Frankenfield 
Jerusalem 
Yallahs 



i< 



u 



u 



tc 



u 



The Basement Beds. — The chief difficulty of classification is the com- 
plex folding and partial concealment which make it impossible to deter- 
mine the exact base of the series. The Jamaican Reports present 
conflicting conclusions on this subject, inconsisteutly stating in different 
places that^the base of the section is composed of igneous rocks. Creta- 
ceous limestones, and a formation termed the " Metamorphosed Series/' 

From the tabulations, especially that given on the last page of the 
Reports, one infers that its authors believed the base of the Jamaican 
section was crystalline and overlain by the so called " Metamorphosed 
Series " beneath the limestones with Cretaceous fossils, but a careful 
perusal of the Reports does not justify this iuterpretation. In numerous 
places throughout the text of the work the intrusive nature of the 
igneous rocks into the beds of the Blue Mountain Series is noted, as 
further recorded in the portion of our report treating of the igneous 
rocks. Sawkius^ expresses doubt as to the propriety of drawing a dis- 
tinction between the Cretaceous and the so called " Metamorphosed 
Series," and clearly states that the latter " comprises strata of the 
Cretaceous and conglomerate formations which have experienced a change 
of structure due to the intrusion of igneous rocks." ^ In view of this 
fact, as verified by our own observations, the so called ** Metamorphosed 
Series," as a structural formation, may be dismissed from consideration. 

There may be doubt as to whether the oldest rocks are Cretaceous 
limestone, which Etheridge asserts • " is clearly at the base of the series," 



* Jamaican Reports, p. 55. 



2 Ibid., p. 47. 



8 Ibid., p. 808. 
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or "made up of conglomerates'* as he states in another place.* Duncan 
and Wall,* whose opinious were based on the field observations of Wall, 
state that ** It is difficult or impossible to determine the relation of the 
conglomerate and Cretaceous groups. This is especially the case in the 
highly mountainous eastern parts of Jamaica, where traces of almost 
obliterated Hippurites [Rudistes] and other fossils are detected in 
strata which from their confined position could not otherwise be classi- 
fied stratigraphically.** They state that in Clarendon, however, ** the 
lowest members of the Cretaceous Series frequently consist of a thin 
bed of conglomerate formed of the harder material of the porphyries." 

Barrett said • that it is " evident that the igneous rocks forming the 
base of this series, and intorstratified with some of the shales and con- 
glomerates, were erupted prior to the deposition of the Cretaceous 
limestone, and at intervals of time sufficient for the formation of aqueous 
interbedded strata." 

The writer in his own investigations and in the literature of the 
island has found no proofs that the base of the section is limestone. 
The limestones of the Bath and Clarendon sections are clearly inter- 
calations in vast beds of igneous debris. The limestones are certainly 
the oldest rocks paleontologically identifiable, but from the data to be 
given the writer believes tlic fossiliferous Cretaceous beds are local 
occurrences in the great and tangled series of tuffs and conglomerates, 
the latter of which constitute the visible base of the section. These 
are detrital formations of volcanic debris of unknown origin. The 
writer searched the exposures with particular care, but in vain, for evi- 
dence of some older or lower lying rocks beneath the classic formations 
of the Blue Mountain Series such as are reported in Cuba and Haiti, 
or a trace of ancient massifs or volcanic vents from which the detrital 
igneous rocks were derived. 

Hie Clarendon Section. — The best partial section of the lower division 
of the series is in the parish of Clarendon, along the St. Thomas and 
Minho Rivers, where all the beds, not including the lowest and highest 
of the series, are exposed in a less disturbed condition than elsewhere. 
This parish was considered by Sawkins* and Wall and Duncan* to 
afford the most complete exposition of the relationship of the older 

^ Jamaican Reports, p. 307. 

a Quart. Jour. Geol. See. London, 1865, Vol. XXI. p. 3. 

» Quart. Jour. Geol. Soc. London, 1860, Vol. XVL pp. 324-326. 

^ Jamaican Reports, p. 25. 

• Quart. Jour. Geol. Soc. London, Vol. XXI. p. 4. 
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beds to be found in Jamaica. In order to verify these previous obaer- 
vations, the writer reviewed this section de novo and made the following 
record, which adds many new data. This section also shows the mode 
of occurrence of the fossiliferous Cretaceous rocks. Many of the £u- 
distes recently described by Whit6eld came from this section.^ 

CLARBirDON Seotion, Rio Minho, Clarendon Parish. 

14. Cambridge Beds^ Chapelton Formation. — Yellow Marls and 
limestones (further described under the head of Cambridge beds) with 
Eocene fossils. Exposed between the town of Clarendon and St. Thomas 
River +500 ft. 

13. Unconformity. Richmond Beds wanting. 

12. Minho Beds. —Volcanic tuffs and breccias, composed of igneous 
pebble (homblende-andesites) cemented by a 6ne-grained matrix. 
Groundmass ashen or dark green in color. Exposed in the banks of 
St. Thomas River west of the ford and the divide between the 
St. Thomas and Minho, and between Mile Posts 88 and 39. Esti- 
mated thickness +300 ft. 

11. Impure granular semi-consolidated material of dark red color, 
with same pebble as above. This is largely an andesite tuff showing 
many particles of hornblende. This constitutes the faces of many 
fine bluffs between Mile Posts 39 and 40. Its base in contact with 
the foregoing is well shown at the crossing of the Minho. Estimated 
thickness +300 ft. 

10. Stratified conglomerate of igneous pebble iu red matrix becoming 
black downward. 

9. Massive tuff or igneous rock 200 ft. 

8. Chocolate-red colored breccia ± 50 ft. 

7. Stratified (tuffi) conglomerate rounded black igneous pebble in 
indurated mass. 

6. Ballard Clays. — Black, bituminous, laminated clays, sienna 
colored above, resembling in color the Richmond beds, with occasional 
yellow calcareous interbedded layers, containing small colonies of 
Rudistes. This is finely exposed between Mile Posts 40 and 41, the 
descent of Ballard Hill towards Ballard River, where over 150 feet 
are seen ±200 ft. 

5. Tuffs. 

1 Bnll. Am. Mus. Nat Hist., Vol. IX., Article XII., New York, 1897, pp. 
186-196. 
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4, Logie Green Beds. — Yellow clays, similar to those at Pennant's 
Great House on the St. Thomas, containing fossil Hudistes. Exposed 
at base of above section. Thickness of these clays indeterminate. 
They are exposed intermittently as far as Trout Hall, and Mile Post 
U +100 ft. 

3. Frankenfield Beds. — Beds twenty feet in thickness of large 
igneous cobble stone of homblende-andesite embedded in an ashen gray 
matrix of tuff, grading down into, or possibly unconformable upon, a 
great thickness of tuff without conspicuous pebbles. This formation 
is exposed in superb cuts on both sides of Frankenfield between Mile 
Posts 44—49. Towards Logie Green there are boulders of porphyry, 
becoming smaller above. These beds may be from 500 to 1,000 feet 
thick. Three hundred feet are exposed in the high hills back of 
Trout Hall +500 ft. 

2. Limestone Beds. — Great masses of hard blue-white limestone 
over 20 feet thick, with gigantic Rudistes, Actseonella, and corals. 
Apparently bosses in the igneous conglomerate and tuffs. 

1. Yallahs Formation. — Conglomerate of porphyritic boulders. 
Base concealed. This is the bottom of the section of the Blue 
Mountain Series, as seen in Clarendon Parish. 

All the beds of the foregoing section have a very strong south dip 
of ±30° beneath the white limestones on the south of the Clarendon 
basin. 

This section does not agree with that given by Duncan and Wall, as 
previously cited, in which the divide of the St. Thomas and Minho 
(Long Ridge) is represented as a hill of massive igneous rock protrud- 
ing through and disturbing the sedimentaries. On the contrary, this 
hill is composed of stratified tuff. 

The Clarendon section, although the best exposed on the island, does 
not represent the Blue Mountain Series in its entirety, nor are its 
facies everywhere uniform or continuous. Rocks similar to these com- 
pose the material of all the higher mountains of the eastern half of 
the island, but there they occur in such a disturbed condition that 
the members cannot be easily differentiated. A greater thickness of the 
lower conglomerates is exposed in the Blue Mountain districts. The 
hiatus in the Clarendon section between the top of the Minho beds and 
the Cambridge is elsewhere represented by the formation to be described 
as the Richmond beds as best seen on the north side of the island. 
Collectively the beds of the Clarendon section constitute the lower 
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BubdiTimon of the Bhia Mountain Series, and with afi its Taiiatiomi is 
quite different from the Richmond beds of the upper diyiaion. 

In geueral, the Minho beds oorrespond in character with the '* Trap- 
pean Series and Purple Shales and Conglomerate Formation " of the 
Jamaican Reports, occurring extensively from Clarendon eastward to 
Bath in St Thomas, and notably near Gordontown, back of Kingston, 
in the ribbed salients (cuchillas) of Newcastle, and in Metcalfe. These 
beds are marked by great abundance of gravel and tuffii and purplish 
colors. They are placed in our section below the black shales and con- 
glomerates of the Richmond beds, not above, as in the final tabulation 
of the Jamaican Reports. 

nk Foisilifmvui Bed$ of ih6 Lower Divtsum of ihe .^ue Mountain 
Seria. — The massive limestones occur lower in the series in more or 
less isolated and widely separated outcrops, nowhere of great thickness, 
and characterised by the Rudistean fossils. 

The Jamaican Reports treat of the fossiliferous Cretaceous beds in- 
cluded in the series as a single formation. It was described ^ as com- 
posed of two varieties of strata constituting an upper and lower part. 
The former was said to consist of marls and sands with corals and many 
Hippurites, the latter of compact massive limestones with many Radio- 
lites and Barrettia. These statements are misleading. It is true that 
the oldest fossiliferous Cretaceous rocks exposed are limestones, and that 
the marly beds with Cretaceous fossils, of which there are several 
horizons instead of one, occur higher than the limestones ; but these 
beds are merely incidents in the great series of volcanic tuffs and 
conglomerates with which they are interbedded, as is seen in the details 
of the Clarendon section. No. 2 of the Clarendon section with Creta- 
ceous fossils is the lowest limestone. These are overlain by the Fran ken- 
field tuffs. Above the latter appear fossiliferous beds of the Logic 
Green,* and Ballard clays which in turn are covered by the Minho 
tuffs. 

The Cretaceous limestones are found in several other places on the 
island. Sometimes a limited mass occurs iu a manner to create doubt 
as to whether it is a bed, a local lens, or a great transported boulder ; 

I Jamaican Reports, p. 26. 

s Local beds of yellow marl and impure segregated limestone are also exposed 
near Trout Hall on the Minho, and at Pennant's Great House on the St. Thomas, 
and consist of a considerable thickness of the unctuous yellow clays and segre- 
gated limestone lumps with numerous specimens of smaller Rudistes (including 
many of the species described by Whitfield) and corals. 
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again, as in the canyon of Plantain Garden River in Portland, where the 
Cretaceous rocks of Jamaica were first noted by Barrett,^ a single 
stratum of limestone is interbedded between overlying and underlying 
tuffs, conglomerates, and clays. Sawkius noted in southwest Portland 
'' thin beds of Cretaceous limestone, interstratiBed with thick porphy- 
ritic breccias and conglomerates, enclosing contemporaneous trap rocks.'' ^ 

The writer tried to visit all the localities mentioned, three of which. 
Clarendon, Jerusalem Mountain, Westmoreland Parish, and Bath, in 
St. Thomas, may be taken as typical. These are in the central, western, 
and eastern portion of the island respectively.^ 

Jerusalem Mountain Section. — In at least one locality Cretaceous 
limestones occur in extensive beds. This is near the extreme west end 
of the island at Jerusalem Mountain in the parish of Westmoreland. 
This was probably sufficiently remote from the centres of igneous activ- 
ity to permit undisturbed oceanic conditions and continuous growth of 
life. Jerusalem Mountain is a low, isolated hill standing 570 feet above 
the sea and about 500 feet above the surrounding valley plains. It is 
composed entirely of Cretaceous limestones and dull yellow clays, except 
at its eastern base, where the Tertiary limestones rest unconformably 
against it, probably by faulting. The rocks dip slightly to the east. 
Here we made the following section : — 

Zjater Formations at Foot of the HilL 

IV. Yellow shale resembling Richmond beds, with beds of lime- Fwt. 
stone ; weathers into purple colors 25 

III. Minho Beds. Purple clays and blotched shales dipping east 60 

11. " White limestone " in bluish shale, fossils Tertiary ] ... 50 

I. Level of valley plain of Mount Eagle. Alluvium .... 60 

Section of the Hill. 

VI. 14. Summit of brown marls with Alectryonate oyster in 
thin limestone slabs, Pholadomya, etc 25 

V. 13. Yellowish limestone with small fossils 15 

12. Red purple clay 10 

II. Dimension layers one foot thick, of impure limestone with 
Alectryonate oyster 10 

10. Yellow marl 22 

9. White fossiliferous limestone, Caprinella 20 

^ Quart. Joar. Geol. Soc. London, Vol. XVI. pp. d24-82a 
* Jamaican Reports, p. 74. 
VOL. xxznr. 4 
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8. White limestone with AotsBonella >. 40 

7. White limeiitooe slightly .yellowish ^ « 25 

6. Yellow marl altematliig with limestone 00 

5. Pinple shale in yellow limestone and marl 16 

4. Bed " Trappean " oooglomerate ^ 6 

8. Yellow marls with limestone lamps and giganUo Caprinas . 29 
2. Three ieet layer of limestone with giant Caprinas .... 67 
1. Yellow olays and limestones ............ 28 

Kos. I.y II., III., and IV. of the foregoing sedtions are undoubtedly cff 
Inter age than V., and owe their present lower topographic position to 
faulting or later unconformable deposition. It is interesting to note 
that the gigantic species of Budistes occurs at the base of this section in 
bed T. 2, — a low position apparently persistently maintained through- 
out the island. 

It is unfortunate that here the rektions of the foesiliferous formations 
to the other beds df the Blue Mountain Series are concealed. 

It might be supposed that the yellow clays at the top of the Jeru- 
salem section represent the horizon of similar material elsewhere widely 
separated ftom the lower limestones by vast beds of tuft and igneous 
conglomerates. The paleontologic data do not demonstrate this con- 
clusion, the fossils of the Jerusalem clay beds (Pholadomya and Ostrsea) 
not being found at other localities, nor are some of the smaller species 
of Rudistes of probably higher horizons found here. Outcrops of 
** Cretaceous limestone " 500 feet thick in St. Thomas-in-the-Vale,* and 
300 feet thick in Port Eoyal,^ are also recorded^ but the writer has not 
seen them. 

It is barely possible that a locality in Portland, mentioned by 
Barrett,* may represent the upper clay horizon. This was described as 
** a sandstone conformable with a thick bed of clay containing Hamites, 
Baculites, Trigonia, and Pholadomya." This reference is the only 
mention of the first three fossils from Jamaica. 

Near Bath, at the eastern end of the island, Cretaceous limestones are 
exposed in the elevated structure near the southern base of the moun- 
tains. This is the locality from which the Cretaceous of Jamaica was 
first described by Barrett, who published a figure of the section.* The 
principal formation of this vicinity is the Minho beds (Trappean of 

1 The Cretaceous of St. James, as described by Sawkins (Jamaican Reports, p. 
245) is the Cambridge formation of this paper. 

s Jamaican KeporU, p. 138. • Ibid., p. €2. « Ibid., p. 77. 
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Sawkins), here composed of volcanic tuff with conohoidal fracture and 
weathering into rusty red clays, metamorphosed shale, and occasional 



^^ff^r^^muTinj ^limiimm^M^. ^^^'^^^^ 



Figure 15. Barrett's Section, near Bath. 

pieces of contained impure limestone. About a mile up the Plantain 
Garden River the stream has a steep V-shaped canyon surrounded by 
hills. A new highway which is being constructed shows fine cuts of the 
prevalent Minho formation. In this we found exposures of hard strata 
of Cretaceous limestone, aggregating several feet in thickness, but the 
vegetation was so thick that the latter fact could not be determined 
positively. 




FiODRB 10. Plantain Garden River Section at Bath. c. Trappean Material 
above. 6. Cretaceous Limestone, a. Trappean Material below 6. 

Below the limestone (b) are altered shales and decomposed volcanic 
conglomerates, some of which weather into dark colored chocolate or 
vermilion colors. 

In nearly all the localities of the Jamaican Survey, with the excep- 
tion of the Jerusalem exposure, the limestones have the appearance of 
localized beds in the midst of the general material of the Blue Mountain 
Series,* and not of widely extending or persistent strata. 

These beds occupy no peraistent horizon but occur at various inter- 
vals in the great aggregation of deposits. Our observations incline us to 
agree with Sawkins,^ that " it would appear from the occurrence of the 
limestone in detached places that it originally formed isolated reefs." 

The marls succeed the bedded limestones in ascending series, and 
vary from 50 feet to an inch in thickness as seen in the clays along the 
Minho, at Ballard's above Clarendon, at Pennant's Great House, and 
Trout Hall. In general, these clays contain fossils which represent 
intermittent life colonies which have found temporary habitation in 
periods of quiescence during the irregular deposition marking the forma- 
tion of the earlier part of the Blue Mountain Series. 

1 Barrett, Quart Joor. Geol. Soc. London, 1860, Vol. XVI. pp. 325, 826. 
* The Metamorphosed Series, Trappean Series, Black Shale, and Conglomerate 
of Sftwkins. 
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From the data presented, with the exception of the Jerusalem section, 
and the observations of other writers, it is evident that the limestones 
and marls containing the Cretaceous faunas occur interbedded with the 
conglomerates, tuffs, and shales of the lower portion of the Blue Moun- 
tain Series, and become less and less conspicuous in ascending sequence. 

Sawkins ^ has spoken of the limestones as " being disposed in a zone 
around the higher elevations," and as " forming a zone around the great 
nucleus of upheaval of the island." * If this were correct, it might be 
possible that much of the Blue Mountain Series is antecedent to these 
beds. This statement is not accurate, however, for these limestones are 
found not only around but folded in the plexus of beds constituting the 
highest mountains, occurring on Blue Mountain Peak as high as Abbey 
Green, 4,200 feet above the sea. Even if true, the statement would be 
applicable only to the eastern end of the island, for all exposures of 
these beds west of the longitude of Spanish Town (except Jerusalem) 
are in the central basins where erosion has cut down to them through 
the overlying White Limestones and Blue Mountain Series. This is 
especially so at Clarendon, where the beds are covered by hundreds of 
feet of the same rocks which constitute the high summits of the east. 

The tuffs, igneous pebble, and boulders of the lower subdivision are 
composed almost entirely of homblendic material, — andesites and por- 
phyries, — which shows that this was the chief eruptive material of 
Jamaica during this epoch, and of which the Minho beds apparently 
represent the debris of the last expiring extrusion. These indurated 
tuffs often have a superficial resemblance to altered clays and sandstones, 
and this aspect, in addition to undoubted occasional igneous raetamor- 
phism, was the reason why the beds were in places called the "Metamor- 
phosed Series." 

All beds of the lower subdivision, taken collectively, represent the 
product of disturbed conditions, such as active vulcanism accompanied 
by the piling up and contemporaneous degradation of vast quantities of 
igneous material much of which was deposited below sea level, alternat- 
ing with short periods of quiescence, when shales and marls were j)er- 
niitted to accumulate and sparse faunas to gain temporary foothold. 
The alternations of sliale and igneous material in the Blue Mountain 
Series indicate altcrnatinor conditions of sedimental placidity and vol- 
canic extrusion, and a conflict between disturbed and quiescent condi- 
tions of deposition which finally culminated in the establishment of the 
latter in the succeeding Richmond epoch. 

1 Jamaican Reports, p. 105. ^ Ibid., p. 22. 
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The Richmond Beds. ^ 

Thette beds coDstitute the upper subdivision of the Blue Mountain 
Series. Their arraugeiuent aud composition, consisting of shallow 
marine deposits of worked over aud water assorted terrigenous material, 
iudicate a succession of more quiet sedimental conditions than those 
which marked the preceding epoch. 

. The rocks are mostly black, bituminous, laminated clays, and fer- 
ruginous sandstones with occasional beds of loose conglomerate. They 
occur in uniform alternations of thin, regular, and evenly bedded strata, 
varying from an inch to a foot or more in thickness. They are dull 
blue-black on fresh exposure, but undergo excessive oxidation and hence 
are ordinarily of dark brown ferruginous colors. In general texture, 
arrangement, color, and stratification they resemble the Eo-Lignitic 
(Lower Eocene) beds of the southern United States. The clays con- 
tain many small flakes of carbonized vegetal matter, and silicified wood 
has been found in the gravel. The material is mostly derived from the 
antecedent beds of the lower division of the Blue Mountain Series. 
The so called "sandstones" are composed of cemented grains of water 
worn homblende-andesite derived from the underlying igneous rocks, 
aud the shales are the same material more finely triturated and mixed 
with vegetal matter. The conglomerates consist of rounded pebbles of 
various dimensions, and in places attain a thickness of 50 feet. They 
are almost entirely of the same material as those of the lower subdi- 
vision. Hounded fragments of the Rudistean limestone also occur in 
them. These have been noted first by Barrett,^ then by Sawkins and 
others of the Jamaican Survey, in the parishes and districts of Port- 
land, St. James,'* St. George and Metcalfe, St. Mary, and St. Thomas-in- 
the-Vale. In addition to these rocks of the conglomerate, former ob- 
servers have noted,* from tlio bluff at Port Maria, specimens of gneiss 
and crystalline slates, ** rocks of which no trace either in situ or other- 
wise have hitherto been found in Jamaica ; also a fine-grained granite 
to which nothing analogous has been noted on the island. ... In this 
unique collection are many instances of rocks which have totally dis- 
appeared from the surface of Jamaica, but which must have existed 
during former epochs, either in the formations of this country or in 
adjacent lands that have been destroyed." 

At the same locality, as also noted in the Jamaican Reports,^ the 

I Quart. Jour. Geol. See. London, 1860, Vol. XVL pp. 824-326. 

« Jamaican Reports, pp. 246, 246. » Ibid., p. 180. * Ibid., p. 180. 
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0Ti|liDai7 aandstonfl is njudl; tntM&miMd is ita sMwud ' ezteniion 
into ft promiaoQOUB Baaemblage of large pebblea lix or eight inches in 
diameter. Thii fiwt indicates that some of tbis material came fhnn the 
area to the north, now oooupied b; the sea. In this same bed of eon- 
^mante vera Ibund the £ocene oorals described by Dunoao, aod a hw 
species of mollnsks. An exoelleDt view of this expoenra of oonglomerata 
at Fort Haria is giTsn on Plate XXIII. The ohaiacter of ita beds as 
ahowQ ia Figure 17 is as foDows: — 




Conglomerate 15 

Shaly aandstone 3 

Sandstone 10 

Conglomerate 10 

Shalj arenaceong clay 3 

Conglomenite 9 

Bluish rock, probably eandstotic 10 

Conglomerate 15 

Sbaiy arenaceous clay 6 

Bluish rock 11 

Shal +10 

+97 
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The Richmond formatJoD U exposed in all parisbea of the east adjacent 
to the Blue Mountain Ridge, but iu a greatly disturl^ condttiuu. It 
ia best seen iu the north coast parishes of Portland, especially the dis- 
tricts of St George and Metcalfe iu St. Mary Parish; aud in Hanover, 
in the bluffs and hills of the back couist country, east, west, aud south 
of Liicea. EscelleuC and typical expoaurea are seen betneeu Kichmoud, 
district of Metcalfe, St. Mury Parish, aud Annatto Ba.y, the beds occur- 
ring in many short open auticliual uud ayiicliuu.1 folds. At Richmotid 



Fionns 18. Section ihowing Richmond Beds nt Ridimond. a, Conglomerate 
grading into 6, alternations of Conglomerktes and Claj'*. 

a bluff lu the banks of Flint River well bIiomb the tliiu altemationB of 
•»enly bedded shales and saudstouesoverljiiig the conglomerates. (See 
Figure 18 ) 

At Moral Cut, near Moral Station, thin flags of impure arenaceous 
limestone appear m alternation with the beds of shale (Fig. 19), and 
weather out in great quautities This exposure is part of an openly 




«,»,- 




(Fi 



FoWetl Rk-hmond Bfd«, Rr. Mary Paridi. 
tlie Janiakan Reports.) 



folded auticline, over a mile in length, consisting of rusty brown gravel 
below, and shales, limestoues, and sandstones above. Iu the west bank 
of Wag Water the Richmond beds are vertical. Many other excellent 
expoiiiires occur in this portion of the parish of St. Mary, constituting 
the western teruintis of a belt of the formation which extends thence 
iu a south of east direction through Portland Parish. It is impossible 
to obtain continuous Bections of these beds, owing to minute folding 
and Concealment of contacts by vegetation and overlapping forniatious. 
The Richmond beds of this district succeed without break the Minbo 
foimation (Purj^e Shale and Conglomerate Formation of Wall), which 
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are described ^ as ''great maases of green and red aigiUaoeoua strata 
and apsparently belonging to a lower diyiston of the groups'' 

Wall' gives under the name of the ''Black Shale" the following 
section of the Richmond beds in St. Geoive and Metcalfe. 

Eed and light yellowish shale ± 100 

Thin alternations of grayish sandstone and shale weathering 
brown ±300 

Brownish green shale, finely laminated, black color, containing 
alternations of thin sandstoneSy rubbly conglomerate^ and pieces 
of Cretaceous limestone and fossil Hippurites and Caprinella much 
water worn ± 1,000 

Purple shales finely laminated passing into metamorphosed 
conglomerate and shale. (Minho beds). 

This section makes no mention of the upper beds containing lime- 
stones, which, in our opinion, represent a gradation into the overlying 
Cambridge formation. 

In the northern part of Hanover Parish the Richmond beds have 
considerable development, and, so far as composition is concerned, 
present the same general facies previously mentioned. In this parish 
they are exposed in the back coast bluflfo from the mouth of Oreat 
River westward, being capped above by the White limestones of the 
Oceanic Series, and in their seaward extension cut into many terraces, 
upon some of which are plastered old coral reefs like that shown near 
Barbican, in Figures 33 to 36. Superb exposures are seen around the 
interior end of Lucea Harbor and in the uplands to the south half way 
across the island along the road leading toward Savanna-la-Mar. In this 
region the beds are intensely folded, faulted, and overthrown, as shown 
in the view on Plate XX 11. It is our opinion that nothing less than 
months of minute study of the complicated folds of this region would 
reveal the detailed sequence of the individual members of the beds in 
this parish. The following section may be inferred ' from descriptions 
of Brown and Sawkins. The formation names are ours. 

Richmond Beds. „ ^ 

Feet. 

Thin laminated beds of red, gray, and greenish shale . . ± 200 
Beds of pebbly conglomerate, overlying beds of massive brown- 
ish and gray sandstone 300 

Greenish brown laminated shale, interstratified with thin beds 
of fine-grained sandst<">ne -t-2000 

1 Jamaican Reports, p. 68. « Ibid., pp. 121, 122. 

» Ibid., pp. 262, 263 (" Black Shale"). 
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Minho Beds. 

Metamorphosed conglomerate '^ of subsequent date to that of the 
Cretaceous limestone," composed of "various crystalline rocks embed- 
ded firmly in a hard crystalline base ; the whole is of a greenish color " 
(Tuff?). 

The Richmond formation outcrops in many places a short distance 
back of the sea along the north coasts of the parishes of St. Ann and 
Trelawney. It is well exposed beneath the Cambridge beds south of 
Cambridge along the highway on the west side of Great River, as seen 
by the writer. It also occurs on the south side of the Blue Mountain 
Ridge in St. Andrews and St. Thomas. According to Sawkius,^ in the 
latter parish at Blue Mountain Valley it consists of " alternate bands of 
red clay, yellow sandstone and light gray shales, 1,000 to 1,200 feet in 
thickness." 

In general, this formation underlies nearly all the later rocks, and, in 
our opinion, prior to the Montpelier subsidence it occupied an area 
as large or larger than that of the island of to-day. 

From data presented in the paleontological chapter of this work, the 
age of these beds is undoubtedly old Eocene, although it is impossible 
to draw an exact line between these beds and those of the lower division 
which we have termed Cretaceous, and they are no doubt stratigraphi- 
cally continuous. 

The uniform alternations of the Richmond beds indicate that they 
were rapidly deposited over a considerable shallow area of deposition ; 
since much of this area was the present locus of the island, it is difficult 
to infer the situation of the near-by land from which the material was 
derived ; some of it may have come from the old nucleus of Blue Moun- 
tain Ridge, but in our opinion this was not of sufficient size to afford 
all the material. These facts, together with the presence of foreign 
materia], are at least strongly suggestive of the occurrence of land areas 
during this epoch, concerning the locality of which present knowledge 
is wholly wanting. 

The Cambridge Formation. 

The beds are named after the typical locality of their occurrence at 
Cambridge, between Ipswich and Montpelier, in the parish of St. 
James, in the northwesteni portion of the island, near the junction of 
the boundaries of St. James, Hanover, and Westmoreland. 

1 Jamaican Reports, p. 105. 
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In plMM the BkluBioiid beda (nde 119 into irregular alternations of 
impim idojif » mark, and yellow Hmeatone^ which, in general, occugy a 
tranntional position betwemi the obviously land derived beds of ^ 
Blue Mountun Series and the ocean derived limestones of the Oceanic 
Series. Argilhioeous calcareous marls appear in the upper -part of the 
Richmond beds^ become successively more and more frequent^ and 
finally dominate. These are accompanied by thin beds <^ impure blue 
limestone of a s^gregational character, oxidizing yellow on weathering 
and alternating with the marls which gradually increase in thickness 
and relative proportion until they preponderate. Finally, these yellow 
limestones become more purely calcareous in ascending series as the 
sediments become clearer and freer from land derived material, until 
they finally pass into the purer White limestones. 

This fdrmation has limited exposure^ at many places in the island, 
notably around the lower margins of the interior basins in Trelawney, 
Westmoreland, and Clarendon, imd in the eastern parishes, as men- 
tioned later. We shall first describe their occurrence in two typical 
localities at Catadupa near Cambridge, and at Chapelton, Clarendon 
Parish,, respectively* Owing to certain difierences which at present do 
not permit of perfect correlation, these will be respectively termed the 
Catadupa and Chapelton beds of the Cambridge Formation. 

The Catadupa Beds. 

Th^ ate well exposed on the east maiigin of Great River valley, in 
the new cuttings along the Montego Bay Railroad between Ipswich and 

Montpelier statious, and especially between points two or three miles 
south of Catadupa and one mile north of Cara bridge. Here the railway 
cuttings reveal splendid exposures, and afford good places for collecting 
fossils and studying the stratigraphy. These beds occur in a series of 
short open folds, as shown in Figure 20. 

These folds are all less than two hundred yards in length, but the 
continuity of the beds is so broken that their exact sequence and thick- 
ness can be made out only with difficulty. Here the beds consist of 
alternations of massive and friable strata of yellow blue limestone, one 
to three feet in thickness, separated by thin bands of blue-black shale 
containing oysters, large Cerithii, Lucina, Rudistes, Carolia, Triloculina, 
etc. 

A general geological section of the east slope of the valley of Great 
River, between Cambridge and Catadupa, showing the relations of the 
formation, is as follows. 
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Mm^peUer Beds* 

Homogeneous textured white chalky limestone with flints, 
resting unconformably upon the Cambridge beds . • • • +500 

Oumiridff$ Bed$. 

Yellow colored granular limestones (blue before oxidation) 

alternating with days^ with many fossils ± 100 

Blue, black, and purple days grading into above ± 100 

Riehnumd Beds. 

Blue and black days without calcareous beds grading down 

into thin alternating beds of clay and sandstone ±25 

Purple colored days, without regular lamination . • • • ±25 

Slightly calcareous beds in above ±25 

Purple and blue-black arenaceous days, extending down to 
bed bf Oreat River +200 

The clays and marls are black and unctuous in some places; in others 
they are yellow, excessively calcareous, and full of minute Foraminifera 
(Milididsd), and grade from black into blue and gray colors upon drying, 
and into yellow on oxidation. The Foraminifera are so abundant that 
they give an o5litic look to some of the rocks, but on oxidation they 
crumble into small specks of pulverulent lime. This lime, after solu- 
tion and redepositioD, largely makes the segregations of limestone. 
Sometimes the day seams are so bituminous they have the appearance 
of thin lignitic beds. 

The limestones occur in layers of various thickness up to two feet ; 
they are nodular and irregular both iu thickness and texture. At some 
places they are firmly indurated, at others they are friable and sbaly. 
They are clearly chemical and clastic segregations in the great mass of 
clays, and gradually increase in proportion as we ascend in the series, 
while the clays similarly decrease. In freshly exposed portions the 
limestones are also blue-black in color. On weathering they become 
bright yellow, as a result of the oxidation of small amounts of iron 
which accompany the fossil colonies. 

Many fossils — Echinoderms, Corals, Rudistes, and other Mollusca — 
which are listed in another chapter of this report, occur in the cal- 
careous portions of these beds, both as free shells in the clays or 
making the greater mass of the limestones. Some of the latter in the 
cuts south of Catadupa are almost entirely composed of Rudistes, which 
also occur more sparingly in the beds at Cambridge. Oysters and 
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Mollnsca are most abundant in the "Bruggadoo," as the black clays 
at the railway cut where so much slipping has occurred are called. 

Chapelton Beds. 

In Clarendon Parish, at Chapelton, and in the slopes of the Minho 
River east of that town, beds allied to the Cambridge formation are 
exposed. These present two subdivisions, the upper of which consists 
of more or less massive beds of yellow foraminiferal (Orbitoidal) marl 
alternating with bedded yellow limestones and grading up into the 
white Montpelier limestones ; the other is mostly composed of creeping 
blue, black, and red clays known in Jamaica as " Bruggadoo," resem- 
bling similar material of the Catadupa section, and in which occasional 
fossiiiferous calcareous layers only an inch in thickness and a few yards 
in length are exposed. 

The higher subdivision has its typical occurrence along the main 
street of the village of Chapelton, between Chapelton Hill and the River 
St. Thomas. The second is exposed along the "lower" road which 
parallels the foregoing street but follows a lower contour in the valley 
of the Minho. The following local section of this subdivision was ob- 
served at Chapelton, between the hill in Chapelton upon which the 
residence of the Inspector of Constabulary is situated, and the bed of 
St. Thomas River two miles north. This section is the upward con- 
tinuation of the general Clarendon section given on page 46. The 
thicknesses given are approximated : — 

3. Bed of yellow marl and thin limestone alternating, containing peet. 

Orbitoides and small Ostrea, estimated thickness .... 185 

2. Blue and purple clay 115 

1. Yellow marl, clay, and limestone 75 

At Mr. Craig's estate in the river valley a considerable mass of yellow 
limestone (No. 1) is exposed, but it was impossible to find determinable 
fossils therein, or to decide the exact position of this mass relative to the 
clays. It was our impression that it occurred about midway in the 
general section. Down the valley slope, on the so called lower Chapelton 
road, which follows the river and cuts into beds lower than those of the 
above section, many isolated cuts are exposed, composed entirely of the 
blue and purple clays, with an occasional thin local layer of yellow clay 
containing crumbling fossil oysters, Carolia, and Forarainifera. From 
reasons given in the paleontologic discussion, these lower beds are sup- 
posed to be equivalent to those of the Catadupa section, and the upper 
are a higher extension of the same. 
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& mUMim io tin {mitioako* looilitiM of th« Camfaridfe beds 
tioiied, tlHHPe tammKB^o^etB timm^konit the island. Near Mooretown, 
Mt. Pleasant, and Shrewsbury, Portlaiid Parish, are beds described bj 
Barrett,^ which correspond olosely ^nith I3iem in poeitioni arrangement^ 
and ifossilifefoiM remains. 

On the north side ^ the east «nd in >St. Maty'sand Portland padshtt 
the Cambriclge beds are mneh move oaloareoos than elsewhere, mm mai 
in an eqiosnre at ^le foot of Hie Unffii west of Port Antonio, whecse its 
oharaoteristic ^uma is found In beds of pmre white limestone and oaka- 
reous marl Btuoh reseaA>Ung UieoTerljing white limestones of the MontfL 
pelier formation, into which it hem (grades without perceptible break. 
A coBsidecsble mass of the white marl at ^s locality is oompoeed of 
large grannlar Foraminifera very like those found in the Uack diale of 
the Catadupa locality. This white foraminiferal marl is {NrobaUy the 
same as ^hat (from near Garron Hall, St. Mary,' in which parish, near 
Ouy's Hill, the typical Cambridge &una is ^und just below tiie flint 
beds of the Montpelier. At this locality the beds baye their charaeter- 
istic Tsriations of odor. Near Preston Falls, in the aame parish, the 
lime beds of the formation grade down into the Richmond beds. In 
this parish Wall estimates tho thickness of beds which we place in this 
Ibrmaticm described by him, together with a part of the overlying white 
limestones, under the name of the ** Calcareous Marl,'' * to be between 
500 and 600 feet. 

lu the district of St. Tbomas-iD-tbe-Yale, parish of St. Catherine, the 
Cambridge formation, with the typical Chapelton fossils, consists of yel- 
low marl and red and blue colored clays with impure lignite, and is 
about 300 feet thick. It is well displayed in the hilly district southwest 
of Guy's Hill.* Near Spring Vale, in the same parish (St. Catherine), 
south of Linsteady at the southern augle of the St. Thomas basin, the 
Cambridge beds are composed of yellow clays and sand extremely rich in 
Ostrea and Foraminifera. In the parish of Manchester, the Cambridge 
beds occur at many places, notably at Spice Grove, Amby, Lower May- 
field, Oxford, Cowie Park, along Hector River and at Christiana. A 
good description of the beds at these localities is given under the head 
of " Yellow Limestone " by Brown.* The following section of these beds 
on Hector River is by him : — 

» Jamaican Reports, p. 84. * Ibid., p. 129. 

• Ibid., pp. 129, 130. 

* Ibid., p. 139. Described under name of " Calcareous Marl." 
6 Ibid., pp. 169-171. 
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Vast. 

Hard compact yellow limestone, very crystalline ; thickness about 10 

Soft yellowish sbaly limestone 5 

Soft shaly yellowish limestone, showing peculiar strained concre- 
tionary nodules in one part of the bed 2^ 

Yellowish limestone, hard and coarse 2 

Yellow marl 

It is an interesting fact that Brown considered the yellow limestone 
beds of Christiana, from which Mr. F. C. Nichols later collected sev- 
eral of the Rudistes recently described by Professor Whitfield,^ to be of 
£ocene age. This strongly suggests that future study of the locality 
may reveal a mixture of Cretaceous and Eocene genera like that occur- 
ring at Catadupa. 

The Cambridge beds, with their characteristic fossils, especially the 
oyster and large Cerithium, outcrop at many places in St. Ann, notably 
at Cave Valley, Boroughbridge, Yankee River, Pedro estate, and in the 
beds of Negro and St. Ann Rivers. They have also been noted in Tre- 
lawney at several places, and beds of Orbitoidal limestone with other 
fossils are well exposed near Freeman's. The outcrops of the Cambridge 
in \yestmoreland and Hanover parishes are all in the same general dis- 
trict as those of Catadupa and Cambridge in St. James, — the three 
parishes meeting in this vicinity. The thickness is from 40 to 300 
feet. 

The identity of this formation is involved in Jamaican literature. In 
places it is clearly defined and in others its identity is entirely lost. 
In De la Beche's chapter on the " White Limestone " of Jamaica,' 
many descriptions of these beds and their fauna can be recognized. It 
is also the " Nodular Limestone " of Barrett's posthumous section pub- 
lished by Woodward,* and mentioned in our introductory chapter. 

In the Jamaican Reports it is the " Yellow Limestone " of Sawkins's 
general section on page 24, and of the western parishes of St. Elizabeth, 
St. James, Hanover, and Westmoreland, as described by Brown, who 
considered the formation to be Eocene. In the descriptions of the re- 
maining parishes it has been so confused under many names with other 
beds of different age and position that its identification is somewhat diffi- 
cult, although by careful study of the reports uncorrelated descriptions 

1 Bull. Am. Mu9. Nat. Hist., New York, 1897, Vol. IX. pp. 185-196. 
a Jamaican Reports, pp. 169-182. 
8 The Geological Magazine of 1804. 
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of its parta are oecasionall j recognized. In reports on the other parishes 
it has been termed " White Limestone," and " Calcareous Marl '' of St. 
Thomto-in-the-Vale, Metcalfe, and St Mary, and referred to the Ore- 
taceousy Eocene, and Miocene ages. 

The term " Yellow Limestone '* is peculiarly applicable to these beds, 
but unfortunately this name was also applied, through the erroneous 
correlation of Wall,^ Etheridge,' and others, to the beds of Oligooene 
age at Bowden, as shown in the Introduction of this report. In view of 
these facts, it is unwise to continue further the term '* Yellow Lime- 
stone " as a formation name for any of the Jamaican beds. 

The highest point at which the Cambridge beds are known to occur 
is 3,000 feet, near Luidas Yale, St. Catherine Parish. 

There are several paleontologic and stratigraphic features of the 
Cambridge beds which are peculiar, and will require more extensive 
field work for final explanation. We have reason to believe that the 
beds Mre not connected, but occur in broken patches, which, at least ia 
their lower portion, like the Cretaceous beds, represent sporadic colonies 
of lime making organisms, which found temporary foothold at intervals 
during a period of turbulent deposition generally unfavorable to a large 
development of marginal life. These deductions are based upon the 
fact that in no two localities are the sequence of sediments or associar 
tion of species identical, while in others the beds do not appear between 
the Richmond and Montpelier. Furthermore, the fossiliferous horizons 
of the Lower Cambridge are so like some of the Cretaceous that the 
one has been frequently mistaken for the other. The mixture of Cre- 
taceous Eudistes aud Eocene corals and mollusca at Catadupa, as seen 
by us, and of Orbitoides and Rudistes in Portland, as noted by Barrett,* 
indicates a transgression of Cretaceous life into the Eocene, and further 
denotes the anomalous nature of this formation. 

These beds, while showing sedimentary relations to the Richmond, 
undoubtedly represent a transitional step in the deepening which later 
produced the Montpelier formation. In some places it seems perfectly 
conformable beneath the latter, while again, as shown by Brown and 
seen in several places by us, they are unconformable. These apparently 
irreconcilable conditions can probably be explained upon the hypothesis 
that the island was undergoing subsidence during the Cambridge epoch, 
although parts of it were then dry land, which was still further covered 

1 Quart. Jour. Geol. Soc. London, Vol. XXI. p. 66. 

3 Jamaican Reports, p. 311. 

8 Quart. Jour. Geol. Soc. London, 1860, Vol. XVI. pp. 824-826. 
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by the Montpelier beds during the succeeding epoch. As shown in an- 
other chapter, the age of these beds, although containing a remarkable 
mixture of Cretaceous and Tertiary fossils, is undoubtedly Eocene, and 
with the Richmond beds they constitute the Eocene system in Jamaica. 

The White Limestones. (Oceanic and Coast Series.) 

Introductory Statement. — Tlie transitional Cambridge beds grade up 
into rocks of organic oceanic origin. These are the White Limestone 
formation of the official Jamaican Reports. They have no genetic 
relationship with the rocks of the Blue Mountain Series, and differ from 
them in every physical and chemical aspect. 

The interpretation of the white limestones has been one of the 
greatest problems of Jamaican geology. There have been so many di- 
verse opinions concerning their age and sequence that it is almost impos- 
sible to obtain from current literature any approximation of their true 
relations and significance. The difficulties can be readily seen by any 
one who reads the conflicting and apparently involved conclusions in the 
Jamaican Reports. The fragmentary descriptions of their local occur- 
rence are frequently well written, but through lack of correlation and 
erroneous deduction they fail to clear up the sequence and age of the 
beds. 

All the white limestones have been usually discussed by field ob- 
servers under one general head, and treated and tabulated as a single 
formation in the discussion by European geologists who wrote the Ap- 
pendix, and one would infer that they are not stratigraphically subdi- 
visible. There are numerous references, however, in the body of the 
Jamaican Reports,^ from which it is obvious that some such distinctions 
were at least observed, although the geologists failed to differentiate, 
name, or correlate them, as we shall endeavor to do in the following 
pages. 

De la Beche * included all the rocks from our Cambridge beds to the 
recent inclusive in his White Limestone, but recognized differences of 
age therein and correctly referred the basal portion to the Eocene. 

Of the field geologists upon the Jamaican Survey, Sawkins held con- 
cerning the White Limestone that " Uncertainty has prevailed respect- 
ing its precise geological position, but paleontological evidence seems to 
determine a Mid-Tertiary or Miocene period as the epoch of deposi- 

1 See Jamaican Reports, pp. 45, 53, 121, 214, 230, 231, 241, 250, 257. 
« Mem. Trans. Geol. Soc. London, 1829, pp. 169-171. 
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Uon." ^ Leniioz held tihat the '^ While Lteaeetaiie of Jftmaioa appears 
to hare been deposited slowly and steadily in the bed of a tranquil sea, 
during the period known to ge<d€!gi8t8 as the ICoeene/'* Wall,* 
through his unfortunate error of mistaking the oyerlyi^g Bowden jeUow 
marls for the underlying Cambridge yellow limestone, placed the whole 
of the White Limestone above the Bowden beds now kno?m to be of 
late Oligooene (Miocene) age. Etheridge, Woodward, Jukes-Browne, 
Harrison, Duncan, and others, misled by WalTs stratigraphie error, 
accepted this oonclustoQ. Etheridge stated that the White Itoeatones 
were of Pliocene^ or Poft^miocene * age. Gabb,* upon the ground that 
all the Jamaican white limestones were synchronous with tiie Post- 
Pliocene coast limestone of San Domingo, wrongly corrdated them 
as follows: ''The Coast formation of Santo Domingo is extenstyely 
represented in most !f not all the West Indian IslandSt In Jamaica, as 
the White Limestone, it corers more t^an three f(n:fftii8 of the island 
and may be computed at 2,000 feet in thickness:"^ Sawklns first con- 
sidered it as Miocene, but in the end of the book it is put down as Post- 
Pliocene. Jukes-Browne and Harrison* state: ^Wtth respect to the 
age of the [Jamaican] White Limestone the reports of the surreyors are 
inconsistent with one another ; in some* it is spoken of as Miocene, in 
others ^ as Pliocene, and in the Tabular View at the end*of the Tolnme 
it is labelled ' Post-Pliocene.' Mr. Barrington Brown, however, to whom 
we wrote on the subject, informs us that this last reference was a mis- 
take ; that daring the course of the Survey and before the fossils were 
examined there was naturally much uncertainty with respect to its age, 
but it was finally intended to class it as Pliocene, because it was found 
to rest on a fossiliferous yellow limestone which was considered by Mr. 
R. Etheridge to be of Miocene age, and probably late Miocene." The 
same writers (Jukes-Browne and Harrison), after presenting much evi- 
dence to show that these " Yellow Limestones " of Wall and Etheridge 
— the Bowden beds — were of late Miocene age, and accepting the 
erroneous deduction that the latter lay beneath instead of upon the 

1 Jamaican Keports, p. 23. ^ Ibid., pp. 23 and 149. 

» Quart Jour. Geol. Soc, Vol. XXI. p. 67. 

* Jamaican Reports, pp. 307 and. 342. 

* Ibid., Tabular View at end of volume. 

* Geology of San Domingo, p. 110. 
^ Jamaican Reports, p. 307. 

8 Quart. Jour. Geol. Soc. London, 1892, Vol. XL VIII. pp. 219, 220. 
' As on pp. 28 and 149, Jamaican Reports. 
10 Ibid., pp. 129^01. 
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great White Limestone Series, concluded that, "this being so, it is 
clear that the overlying White Limestone Series cannot be older than 
early Pliocene." ^ 

The truth is, the white limestones of the Jamaican sequence represent 
several distinct formations and ages, from Vicksburg to recent inclu- 
sive, but that the greater portion of it, as I shall show, is of old Oligo- 
cene ajre. There are even some white limestones in the Cretaceous in 
Clarendon which are almost lithologically indistinguishable from those 
of the Tertiary. In recent years English geologists have observed the 
discrepancies of previous interpretations of the white limestone, and 
suggested, from specimens of the material sent thera, that at least an 
upper and lower division might be distinguished.^ Our investigations 
will show that not two but several subdivisions can be made, and that 
the rocks hitherto classified under this general head really belong to 
several distinct formations of two great series, the Oceanic and the 
Coastal, the former constituting most of the rocks of this character and 
occupying large areas of the interior upland, while the latter are con- 
fined to a narrow belt along the coast. 

The older white limestone formations, constituting the greater mass 
of these rocks, are found in the upland area of the island, and are all 
of Tertiary age. More exactly speaking, they are of the Vicksburg 
stage, which is placed in the Eocene by some writers and in the Oligo- 
cene by others. The later white limestone formations — including the 
Coast Limestone of the Jamaican Reports, which we shall describe as 
the Falmouth Formation, and the Hospital Point Limestone of Montego 
Bay — are of Pliocene, Pleistocene, and recent age. 

There has also been much vagueness concerning the origin of these 
rocks, accompanied by an opinion on the part of many that they are of 
coral reef origin. They have been described ' as " great coral structures, 
from the debris of which the enormous calcareous development of the 
White limestone has been derived," and as the " great coralline struc- 
ture which covers the greater part of the island." * Opinions pf this 
nature have caused some writers to believe that all the white limestones 
were of coral reef origin, and led to the rather careless assertion that 
reef rocks of great thickness occur in the Antilles at heights exceeding 
2,000 feet, when in fact such rocks nowhere except in Barbados exceed 
100 feet in altitude or thickness. On the other hand, even the local 
descriptions of the Jamaican Reports controvert the conclusion that 

» Quart. Jour. Geol. Soc. London, 1892, Vol. XLVIIL p. 220. « Ibid., p. 219. 
' Jamaican Reports, p. 24. * Ibid., p. 189. 
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tbqr m ii ft whole of ooralluie or oonl reef origin, it hm alio been 
shown by ft ftw hand qpeoimens ooDeoted without leferenoe to horiion 
and aent to Enghmd, atndied by apedali^ who reoogniaed them as 
being of foraminiferal oompoaition* 

Not the leaat important reaolt of onr reaeaiehea will be a demonatrar 
tion that the larger thickneiflea c^ these limeatonea are neither of moUus- 
eaui eoialline^ or reef roek: origin, but are foraminiferal ooeanio depouts 
and other offibove calcareous ooeanio muda composed of (nganio detritua 
laid down at deptlis below that at which reef rodcs were formed and in 
peiioda of geologic time prior to the ^ypearanoe of the modem reef 
building spedes in the sequence. 

The white limestones c^ Jamaica^ both d the Oceanic and (}oastal 
S^ea^ are various manifestatioiui of the vast agency in past times of 
animal life aa extractorB of carbonate of lime fixmi sea water, aimilar to 
what ia now going on throughout the warm regiona where the oceanic 
watera are comparatively free from land sediment. That white lime- 
stones^ entirely distinct from true reef rock, are now behig formed 
throuc^ut the trc^ics is a matter of common observati<m. Wherever 
calcareoua organisntt abound around the maigins of shcMces uncontami- 
nated by land dtfbdsy the beach waah of calcareous material ia rapidly 
cemosted by its own solutions into white limest<me rock of various 
textures; shells into coquina; shell debris and corals into ''o5lite/* 
which, when wave washed and sea sprayed, like surfaces of the ele- 
vated reefs, indurate into hard partially crystallized surfaces. In addi- 
tion to the near shore deposits, as shown by A. Agassiz and others, 
calcareous muds of foraminiferal origin are being formed to depths 
of 5,000 feet or more. When elevated into land these form white 
limestones. 

It is also apparent that white limestones may be partially coralline, 
as attested by well preserved coral remains, and yet not necessarily of 
coral reef origin, or in any manner connected with reef making phenom- 
ena. All stony corals are not reef builders, and many solitary forms, 
such as are found in some of the White limestones, inhabit oceanic 
water to a depth of 1,000 fathoms below the zone of 100 fathoms, 
below which true reef building corals do not live. Yet it has been 
customary to call any limestone with sparse traces of these solitary 
corals "coralline," and from this it was easily transposed into coral reef 
rock. 

In general the tropical white limestones may originate in several 
ways, as shown in the following table. 
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O&ioiN OF White Limestones. 



I. 

Organic Ex- 
tractions from 
Sea Water. 


Remnantal Bottom Ao- 

cuinulse. 
Ascending organic 

growth. 


Chalk, Shell, Mud, etc. 
Reef Rock. 


II. 

Chemical 
Precipitates. 


a. Original Oceanic? 
6. Subsequent alteration. 

Interstitial alteration. 
Superficial. 


Chalk Crystalloids. 

Crystallized, 
f Sinter Deposits. 
\ Cavernous or Honeycomb 
1 Rock, 
i Tufa. 
( Sinter. 


III. 

Mechanical 
Accumulations. 


Submarine. 

Littoral. 

Terrestrial. 


f Coral Mud. 

Lagoon Rock. 

Coquina. 
[ Cantera. 

Beach Wash < 

JEolian (Bahama 


Cantera. 
Cay oolite. 
Caleche. 
Coquina. 
Kock). 



In the foregoing processes we have not considered the possibility of 
the chemical inorganic agencies. Walther has advocated that ammoninm 
carbonate derived from decaying animals may precipitate calcium carbon- 
ate from sea water, but this is not the opinion of modem chemists. 
Keinhard Braun^ summarizes the various processes producing oceanic 
lime, and says that most, if not all, massive limestones and chalks are 
of organic origin. 

The Oceanic Series. 

The upland white limestones or Oceanic Series, as we shall call the 
Tertiary formations under discussion to distinguish them from the later 
deposits of the Coastal Series, consist of white limestones of varying 
texture and hardness, and probably aggregate 2,000 feet in thickness. 
These present a perplexing series of surface and interstitial changes 
under the influences of solution and oxidation, as explained in their 
detailed descriptions, which render their study a difficult task. They 
consist of deeper water organic deposits and are free from coral reef 
rock, littoral shell agglomerates (such as coquina, cantera, and caleche), 
beach wash, eeolian debris or other clastic formations which characterize 

^ Cliemische Mineralogie, Leipsic, 1896, pp. 376-879. 
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the roeloi of the ComChI Sevtai. Tii^ eanteiB few nMorotooino fossils 
fagr widtik tiieir age cm \m indepandently determtiwd, Imt this is fiied 
hy their misrosoofte fossib and thiir pontiim bstwsen indndiiig fossilif- 
Uroas boriioiiSy -^ tiie midsilyiiig Csaibiidg» beds md the oferlying 
Bowden ipntvds and marls. 

In genersly the Ooeanio Series oeoopMS most of the FlaiiMiii regicm, 
which prsetioaliy indades all the istaad under S^OOO feet in altitude 
Outside of the Blue Mountain distilot, exeepi its immediate eoastal 
borders. In the mouatainous region d eastern Jamaica these rochs 
CKHmr as a faigti piedmontsl periphcMl border around that end ofUie 
island. In the western half of the island the beds of the bcesnio Series 
oompleteljr corer the old Htie Mountain Smes and oecopies the higher 
summits of that portiim of the island. 

Owiqg to the eleratmi of the Phtean region which took place after 
the depostOon of these beds, and the subsequent contraction cS its 
ootenio holders hy erbn<m and subttdence, the eoastward extension of 
the vesks is trun<»ted and partially embedded near the littoral lay the 
still later formations of the Coastal SerieSf which aie depoeited uncon- 
foftnaUjf against them. 

n§ Mm^felUr BBd$.^Tb% Cambridge beds north of Cambridge are 
succeeded by stratified white limestones and marls containing nodules 
of flint. The limestones are of non-crystalline (chalky) texture, and 
usually break with dull, earthy, conchoidal fracture. The texture, frac- 
ture, and preseuce of flintB distinguish this formation from others of 
the great series of white limestones of many ages, which, above the 
Cambridge beds, dominate iu the rock structure of Jamaica. 

Concerning the grosser lithology of the Montpelier beds, little can be 
added to the excellent description of them in Hanover and Westmore- 
land, given by Charles B. Brown as a portion of the *' White limestone," 
as follows : * — 

" It consists of thin beds of white limestone interbedded with a soft 
white chalky marl, the limestone beds invariably containing nodules of 
flint. The limestones are chiefly soft, but seldom compact or crystal- 
liue ; they form thin beds, which vary from a few inches to four feet in 
thickness, and are much disturbed, so as to dip in almost every direc- 
tion over small areas. The marl beds being interstratifled with these 
of course show the same disturbance and dips, and are similar to them 
in thickness. The flints and chert contained in the limestone beds lie 
usually in flattened nodular masses iu lines of stratification, and are 

^ Jamaican Reports, pp. 250, 251. 
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rarely in beds themselves. They are not connected continuously, but 
are in long hollow fiat masses, and have all the appearances of having 
been deposited around or in the substance of some oi^anic form which 
was embedded in the limestone. These flints are chiefly of a brownish 
pink, brown, and gray colors. At Knock alva and other places in the 
vicinity the limestone contains small veins of silica, and also has become 
so thoroughly impregnated with that substance as to be completely 
changed into a siliceous limestone." ^ 

Microscopic examinations show that the calcareous beds consist of 
organic oceanic material, and are composed of the shells of Foraminifera, 
occasional sponge spicules, and flue crystals and amorphous particles of 
carbonate of lime, like those usually found in all chalky oceanic deposits. 
No terrigenous material whatever has been found in any specimens 
examined. The Montpelier beds are singularly free from molluscan or 
other visible fossils, except a large species of Orbitoides in its lower 
beds. Nummulinae have also been found. 

William Hill* has studied microscopically a specimen of white lime- 
stone, Hanover County, which undoubtedly came from the Montpelier 
beds. 'This, according to Jukes-Browne and Harrison,' is an oceanic 
deposit in which " Thick-shelled Globigerinse, similar to those of the 
Barbados rocks, are conspicuously abundant, and one or two Radiolarians 
can be seen in outline." 

Some of the flints are also black or gray in color and flattened, oblong 
in shape, like those of the Upper Cretaceous of England and Lower 
Cretaceous of Texas ; others are round and opalescent. The whitened 
exterior surfaces of many specimens are masses of silicified Forami- 
nifera, — Orbitoides, Nummulinae, and Miliolidae, — and these can be 
made out in the interior of some of the specimens collected from Mont- 
pelier Hill. Similar occurrences of Foraminifora coating the flints have 
been noted from St Mary. In places they occur in great abundance as 
requently described in the Jamaican Reports, and are found in no 
other formation so far as we have observed. Occasionally there arer 
also hard siliceous lumps in the limestone, which suggest that secondary 
alteration into flints may have been possible. In general, these seem 
to be silicified lumps of organic skeletal remains. Several specimens of 

1 The description above piven refers to Brown's lower division of the white 
limestone (our Montpelier beds) ; the upper beds (our Brownstown beds) are more 
compact and massive, and contain fewer in terstra titled marls. 

* Quart. Jour. Geol. Soc. London, 1891, Vol. XLVU. pp. 248, 249. 

» Ibid., 1892, Vol. XLVIII. p. 180. 
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the Orbitoidal flinta firom St Mary oolleoted by Wall have been studied 
by T. Rapert JoneSi and published in the (Seological Magasine,^ as 
farther oommented upon 'in the paleontologic portion of our paper. Our 
studies enable us to show the exact geological position of these speci- 
menSy which has been hitherto unknown. The Orbitoides are quite 
large, and can be collected usually in close proximity to the flints some- 
times attached to them. They dosely resemble the forms so abundant 
in the yellow marls of the Chapelton formation and may be spedfically 
identlcaL; 

Under the microscope the entire mass of most of the chalks collected 
by us consists of QlobigerinsBy which at present form great deposits on 
the ocean's bottom between 1,500 and 2,900 fathoms. The specimens 
collected from Montpelier Hill, the foothills north of Savanua-Ia-Mar, 
DoTcr, between Annatto Bay and Buff Bay, St Margaret, and near 
Buff Bay, — widely separated localitieSi — were entirely made up of 
GlobigerinaB* 

The Montpelier beds are best exposed in the hills of the north side of 
the island in the bluffii of the back coast country along the north coast 
road, notably near St Ann, Falmouth, and Montego Bay ; fr^m Port 
Antonio westward into Hanover Parish ; and typically along the line 
of the Jamaican railway between Montpelier to Montego Bay, and at 
many other places around the island. They are exposed almost con- 
tinuously across the island in the parishes of Westmoreland and 
HanoTer, between Anglesea near the coast, five miles east of Savanna-la- 
Mar, and Montego Bay via Montpelier, where they have been well 
described by Charles B. Brown under the name of " White Limestone/' 
as previously mentioned. Here they constitute most of the uplands or 
hills of the back coast country, except where eroded through in the 
processes attending the making of the sinkhole and cockpit countries. 
In the valley in which Montpelier is situated, and also that near the 
heads of Thicket and Morgan Rivers, many peculiar isolated buttes 
standing upon a floor of Cambridge and Eichmond beds are made up of 
the Montpelier limestones ; also the railway cuts between Montego Bay 
and Montpelier are composed of them. 

They are repeatedly exposed in great thickness along the front of the 
back coast hills along the coast road from Montego Bay to St. Margaret 
Bay east of Port Antonio. At Cinnamon Hill (St. James) the beds are 
almost vertical, inclining to the north coast. Here the limestone of 
homogenous texture is in thin evenly bedded layers at the base, suc- 

1 Quart Jour. Geol. See. LondoDi 1864, Vol. XIV., foot-note page 104. 
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ceeded by thicker beds, both of which contain flints and large Orbi- 
toides. The exposure is very near the base of the formation, the Rioli- 
mond beds outcropping at no great distance. Between Falmouth 
(Trelavuey) and St. Ann Bay (St. Ann Farisli) the whole north front 
of the back coaat country is made up of these beds, as described on the 
upland road from Runaway Bay to Falmouth via Brownstown, Near 
Landovary about five miles west of St. Ann Bay, the back coast bluff 
consists of the basal portion of the Montpelier beds with flints in contact 



FioDBB 21. Montpelier Formation »t St Ann Biy. 

with the Btchmond gravel, as shown in the accompanying Figure 21. At 
St. Ann Bay, the base of the Montpelier beds is also seen in the bluffs. 
The rocks at Landovary have a strong south dip. In St. Maiy Parish 
the road from Runaway Bay to the summit of the hills of the back 
coast country (altitude 1,450 ft.) tn route to Brownstown, passes over 
at least 1,500 feet of white liruestone, the lower 500 feet of which are 




composed of the Montpelier beds with flints, grading upward into the 
Moneagiie beds. From Retreat (St Mary) to Falmouth in Trelawney, 
the Montpelier beds are occasionally well exposed along the upland 
interior road, especially in the bordering slopes of Hampshire Valley, 
notably near the Blanksford and Highgate estates. From the summit 
of the divide between the Hampshire Valley and the sea, 920 feet of 
the flint bearing beds are exposed between that point and Falmouth. 
On the highway from Moneague to St. Ann, in going from the high- 
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there is a good exposure of the Montpeh'er flint beds. The collections 
of the chalky limestone in which these flints were embedded consist of 
Globigerinss. The beds here have a strong south dip. From the 
locality above mentioned to near Port Antonio, the flint bearing beds 
frequently outcrop in the bluffs and are capped by the Bowden beds. 

The high bluffs backing the bay about one mile west of Port Antonio 
afford a good ozposure of beds which apparently represent a phase of 
the Cambridge beds grading up into the Montpelier. Here the bluff 
is made up entirely of white limestones of varying texture and greatly 
disturbed. The lowest rock exposed is very hard limestone, sub- 
crystalline in texture in some places, and in others showing thin lamellae 
of blue-black clays suggestive of the Cambridge beds. From the lower 
and harder limestones casts of several of the molluscan species of the 
Cambridge beds were collected, including a gigantic Nerinaea and a 
Lucina. These fossils, together with the impurities of clay shale, sug- 
gest that this portion of the beds belongs to the Cambridge formation. 
Just above the foregoing strata there is a soft pulverulent bed of gran- 
ular texture which is composed entirely of Cambridge Miliolidse. The 
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still higher strata of the bluff are apparently the Montpelier beds with 
flints. £a8t of Port Antonio there are several other outcrops which 
belong to the Moutpelier beds ; from the literature we infer that they 
constitute the summit formation of the John Crow Kidge. 

On the south side of the eastern portion of the island beds corre- 
sponding to the Montpelier have been noted in a locality mentioned by 
Sawkins,^ near Orange Park, in St. David, where their relations to 
adjacent formations can be seen, and in Long Mountain back of Kings- 
ton. In our reconno ssances of this portion of the island, beds ap- 
parently belonging to this formation were seen between Bath and 
Bowden. 

No exposure of the Montpelier beds on the south slope in the region 
between Long Mountain east of Kingston and St. Elizabeth is known. 
In fact the formation seems to be missing in the Bog Walk and Clarendon 
sections, though it may be represented there by a hiatus between the 
Cambridge and Brownstown formations. In St. Elizabeth the beds are 
again well exposed apparently unconformably below the Brownstown at 
Springfield and thence to Pisgah. From the details above given it is 
apparent that before its dismemberment during later erosion this for- 
mation completely girdled the island and entirely buried the old Blue 
Mountain Series in the western two thirds of its area. 

The thickness of the Montpelier formation is difficult to determine, 
owing to lack of continuous exposures. Our observations have led to 
the conclusion that they do not exceed 1,000 feet. Everywhere these 
beds show great disturbance, but not to the degree of the Blue Moun- 
tain Series, usually consisting of more open folds. 

The Montpelier beds are the deepest sediments preserved in the 
geological structure of Jamaica, and represent the culmination of the 
great subsidence initiated in the Cambridge epoch. Judging from 
the rapid transition between the littoral Cambridge formations and 
the chalks of the Montpelier formation, this subsidence must have been 
rapid in geologic time. 

The age of the Montpelier beds most probably corresponds to that of 
the late Eocene (old classification) now called the early Oligocene, agree- 
ing approximately with the position of the Vicksburg stage of our 
American Tertiary. This inference is based upon the position of the 
beds above the undoubted Lower Eocene of the Cambridge formation, 
and below the undoubted late Oligocene of the Bowden formation, 
together with the occurrence of Orbitoides mantelli. 

1 Jamaican Reports, p. 63. 
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FiODU 24. — Retidnal Claj* in LimntMie Slnki at Frankenfleld. 

In places the Monetae formation weathers into a yellow ferruginous 
clay subsoil, constitnting a thick surface coating. This is the residual 
day and iron which remains after the transportation of the soluhle lime 
by water. Exposures along the railway between Poms and Ipswich 
show some beautiful aubaerial alteration. Deep natural wells or pits 
are seen in the limestone. These are filled with the residual clay, 
similar to the oocurronce previously shown in my report on Cuba. 
Where the soils of these limestones have been cultivated the ruinate is 

• Notei OD the Geoiogy of Cnba.— Ball. Mas. Comp. Zool. at Harvard College, 
Tol. XVL Ho. 16, 1B76, PUle L Elg. 7. 
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usually grass-covered and uot retaken by shrubs and trees, as in the 
case of the abandoned soils of other formations. 

William Hill has made microscopic examinations ^ of a rock from Mile 
Gully near Kendall in the centre of the island, 1,100 feet above the sea, 
which apparently belongs to tlie Brownstown formation. The nature of 
this material, as described by him, is as follows : " Mile Gully, speci- 
men 1. Angular fragments set in a matrix of what was in all probability 
fine mud, but now granular calcite. The structure of the fragments 
and mud is obliterated by general crystallization. Mile Gully No. 2. 
Made up originally of large fragments set in matrix of fine mud. 
Structure of fragments mostly lost, outline shown by patches of crystal- 
line calcite. Fragments of Lithothamnion and fragments of probably 
Amphistegina. Contains also ossicles of a recent starfish. Mile Gully 
Xo. 3. Patches of clear crystalline calcite in a matrix of granular cal- 
cite. One or two fragments can be seen to be Echiuoid plates or 
ossicles." 

Jukes-Browne and Harrison state that these specimens from Man- 
chester and St. Elizabeth were found to resemble coral limestones,^ and 
Hill also compares them ^ to rocks of this origin, but from these de- 
scriptions we do not see the resemblance, — especially to rocks of 
reef origin or reef d^ris. 

From their usual association with and occurrence above the Montpelier 
beds, there is little doubt that they were continuously deposited with 
the latter, and possibly may represent shallowing but nevertheless deep 
water beds after the culmination of the Montpelier subsidence. Our 
knowledge of the upper contact of these beds is very deficient. In 
Clarendon and St. Elizabeth they clearly occur below the Cobre and 
Porus (Bowden) formations. 

These beds occur at many places in the western half of the island, 
especially in the vicinity of Brownstown and Retreat, St. Ann Parish. 
At these localities, as in Trelawney, St. James, Hanover, and Westmore- 
land, they occupy the highlands of the interior, constituting the surface 
formation out of which the cockpit country is largely eroded. Beds of 
allied lithologic character are exposed at Moneague in the excellent cut- 
tings along the Montego Bay between Ipswich and Catadupa ; at Retreat, 
Trelawney Parish ; at Cinnamon Hill, St. James Parish ; on the north 
coast road, and in the bluffs at the railway station at Ewarton. 

1 Quart. Jour. Geol. Soc. London, 1891, Vol. XLII. pp. 248, 249. 
« Ibid., Vol. XLVIII. p. 219. 
« Ibid., Vol. XLVII. p. 248. 
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With tlio probable exception of the Mile Gully ridge, nearly the whole 
surface of iho northeru half uf ^lauchcster Parish, a^ crosticd in a north- 
went and Boutheast dircetiou by the Jamaican Eaiiway line, between 
PoriiB and PhiEuix Park, is coniiKised of the atnitificd beds of the 
Aloncague formatioD similar to the exposures at Ipswich, and consists 
of alternations of hard compact limestone, dull gray-nhite in color, semi- 
crystalline iu tcitiire, nith altcmatioua of white calcareous chalky marls. 
Tho Ix'da are quite cherly iu places, which, with their atratigraphic prox- 
imity, suggest tlie nearer relatiuusbip of these beds to the Montpelier 
I than to the ISowdeu formation. Casta of fossil ^loUuaca and small 
^ single sterna of branch corn! like thuae found at Jtctreat also occur. 

ese beds are especially well displayed in the cuttings of the river 
near Willi am afield. 

At Ewarton the railway termJnal is quarried out of the l>eds which 
tccur in massiTO uniform layers several feet thick. A few molluscan 
foBslls weather out upon the surface of the rocks, but they are too indis- 
tinct for identitication. From Ewarton to Monengue tite beds can he 
seen from the highway, arciiiug over the weeteru border of the St. 
Thomas bnain. At ^Moneague they have wide surface development, 
BSpetinlly to the westward vin Brownstown, Stuart Town, and Ketreat. 
At Ijiswich and theucc on towards Uatadupa the regular bedding is 

lulifully seen in the deep railway cuttings, as shown in Platea XXT. 
and XXVI. 

We are not prepared to state positively that the beds of these differ- 
ent localities er« identical, for paleontologio material is very rare, but 
from their resemblance we incline to think that future research will 
show them all to be parts of the same formation. 

The Cobra Formation. — Between tlie town of Bog Walk,' on the south 
side of the interior basin valley of St. Thorn as-in-the-Talo, and Spanish- 
town, on the Liguanea Coastal Plain, the Rio Cohre outs a canyon through 
ft white limestone plateau separating the two localities. This canyon, 
known as Bog Walk, ia one of the great scenic features of Jamaica, and 
terminates at the Liguanea Plain as a true hoca,* from which it t<K>k 
its original name, Boca del Agua. 

The canyon of the Cohre is about 200 to 300 feet deep, with alopiug 
Bides, a fine view of which is showu iu Plato X. ; it is cut entirely out 
of certain problematic beds of white limestone, which will be described 

1 English corruption of Boca del Agns, 

■ Among olher uaes Boca l» applied to tlie month of a ciDyon debonchiDg apon 

a plain. 
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as the Cobre formation. The slopes are usually covered with dense vege- 
tation, good rock exposures not being plentiful except in the immediate 
Btreamway. Even then they are encrusted with tufaceous material, so 
that their structure and' arrangement are largely concealed. The follow* 
ing extract from the notes of our traverse of this canyon will give an 
idea of the composition and structure of these beds. Miles read north 
from Spanish town. ^ 

0-4J miles.^ — The river flows in a Y-shaped alluvial plain indenting 
the canyon to this point. 

4 J miles. — A road metal quarry reveals the texture of the white lime- 
stone, which is here composed almost entirely of small angular lumps of 
firm limestone, chalky white in color, associated with a matrix of very 
fine pulverulent chalky sinter, free from clay, but commonly termed 
" White Marl," as are all other soft formations. There are also a few 
small lumps of compact gray or dove colored limestone (dolomite 1). 
This formation is of cavernous or " honeycombed " texture and weathers 
into irregularly crystalline limestone, constituting ragged karrenfelder on 
horizontal surfaces. Furthermore, the faces of the blufls are in places 
coated with self-derived tufa, and are so indurated that these outcrops 
have a massive non-stratified appearance. This limestone differs from 
that of the Cambridge and Montpelier beds in the entire absence of 
lamination or traceable lines of beddinsf. 

4 J— 8^ miles. — The limestone is continuously exposed in the vertical 
bluffs through which the river cuts its way. No trace of bedding can 
anywhere bo made out, and the surfaces of the cliffs are everywhere 
very indurated. 

8 miles. — The inclination of the beds, hitherto indeterminate, shows 
a strong south dip. 

8J^-9 miles. — The vertical cliffs show dips to south of 30° (estimated), 
the angle increasing in steepness as we go north. While these exposures 
are more massive looking than those before noted, quarries reveal the 
same texture as that noted at Mile Post 4 J. 

9-11 miles. Bog Walk Village, — Here the canyon ceases, and the 
country opens out into the interior valley of St. Thomas-in-the-Vale. 
Superb exposures of the Cobre limestone and its basal conditions are 
shown in the bluffs at the upper end of the canyon, as illustrated in 
Figure 25. 

The pebble and buff-colored raarls grade into the limestone, and repre- 
sent its initiatory littoral. A few poor and indeterminate casts of fossil 

1 From Spanislituwn. 
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Mottoioa oocmr In thMe bedi. Tiie lamps in 010 mariaMliufgelylbaw^ 
thxee tpeoiiiieiis un EohinoidB, and one i«« kige Ooniia^ two kiohm long. 
0»8t8 of Katioa sod GypnM wire abo loeognised, m wall «• two qMoiet 
of eoimly*— one « aiinide form, the other a oompoond fimn, baHic^ ao 
poorly preaorrod aa to bo iodetenaiiiata. None of theoe forma atiggaet 
the Bgwden hxaam exoept the aimfde oorali and probaUy tbejr roproaent 
a aliglitlj earlier and preoeding horiaoo. 

From B^ Walk Station to a point where the hig^waj to linatead 
erosaea the nulway tiaok, one and a half mBea dne north. ibUowing the 
aonth margb oif the baain Tallejy the anrfooe expoaoiea eonaiat of later al- 
InTiom. At the last mentioned point the railway oata thnmgh an hdlier 
1^ white Umeetone of the Cobre tj^ Thia ezpoanra oontaina an abun- 
dant mo Bna e a n faonai but all the apeeimena arepoor eaat8| «nong whidh 





IPiomaSIL Se^^kmofKortbeniEadof BogWalkGmjMk 

L While ftratiflad Cobr« LimMtoM witib Karl Fit 

2. CoDi^oinenite of miall Igneona Ftebhle. 

a. Bolf adored lAmetUme, banded. 

4 Bull, gnamlKr, Umiimted Marl, with little Googhmierate, oxiAaii^ Bed. 

5. An Ontlier to North of this Locality, which will be described later. 



the genera Bulla, Area, Cardinm, and Lncina are evident. No corals or 
Echinoids were found. A few miles farther, at Linstead, the Moueague 
beds appear, apparently beneath this section. The aggregate thickness 
of the limestone of the Cobre section cannot be less than 1,000 feet, and 
is probably much more. 

The extent of the Cohre formation is not completely determined. We 
have personally seen the formation only on the south side of the central 
portion of the island. Grood exposures of it are seen in Clarendon along 
the highway from May Pen Station, on the Montego Bay Railway, and 
Chapelton. Here the limestone has the same general character aa that 
of the Bog Walk section, and constitutes the summits of the Minho 
Mountains. Between the Minho Eiver and Retreat,' the limestone is 
underlain by more massive bedded layers resembling the Moneague for- 

* Echinolampas or B. thiiopygus. 

' Not to be confused with Ketreat in Trelawney, previously mentioned in dia- 
dMsing the Brownstown formation. 
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noittioa. In this region the Cobre form&tion is rerj much honeycombed, 
and weathers into blood-red soils. At one place where laborers nere 
blostiag nnusuallf large masseB of the limestone, specimens from its in- 
tenor were secured, which clearly showed the red iron blotches in the 
ioterstittal cavities. 

There are a number of isolated outliers of this formation standing in 
the midst of the Liguanca and other plains composed of later alluvium 
ia the parishes of St. Catherine and Clarendon, as shown in Figure 26. 




n Litnianea Plain, near Spaoiihtown. 
bb, KmgttoD FDmiBlioD. 

These are of the type known in America as monadnoclis. Two of these 
may be conveniently seen on the Kingston road a mile or two cost of 
SpanishtowD.' These consist of the same limestone aa that seen in the 
Ik^ Walk section (see Fig. 25). 

At the convict quarry bock of Rock Port, about four miles east of 
Kingston, where Long Mountain bluffs against the aeacoost, a superb 
exposure of limestone has been made by quarrying. It is so lumpy 
that it is worked bj the pick and used for road metal. Under the 
microscope ft ia composed of numerous undetermined species of Forami- 
Difera, entirely different from those of the Montpelier and Cambridge 
beds. In the western group of parishes, forming the county of Corn- 
wall, it may constitute the summit formation and pointed hills of the 
cockpit country. This idea is suggested by the lithulogic aspects of 
the rocks comprising these hills, and from outcrops in Manchester along 
the highlands bordering the Montego Bay Railway. Close research has 
not been mode to determine this. A prominent feature of the Cobre 
formation is the blood-red residual subsoils which everywhere result 
from its surface decay. 

From the Bog Walk section it is evident that the Cobre formation 
lies stratigraphically above the supposed Moneague beds at Ewarton 

> Lennox (Jamaicsn Repnrti, pp. 140-161) dncribed the formation of theie hilli 
nnder tlie name of Ihe " Port Henderson LimeMone." 

TOL. XXIIT. 6 



. md below the Muy Pen fomifttioii. Its relations «ith tlie Bowdeit 
beds of our ■aotini«n not etUbli^ied. It i^Knn% oooq^m an in- 
teimediMU fo^ttiaa betwMo tb« HooMgne Mid tfaa Bowden. 



OUn- PbrliM.— 1%» Botadtm md Attitd FBrmtilioiu.i . 

■ lldiMriMuiolndMACiUnoffonutioiiairiiioh r op rwe nt tba prodaoto 
of erenta man recent in the hutorj of the Juuuau aeqoanoe than 
thoee hitiMrto eDDmented. Its memben ooenr uoand the ooutel perim- 
eter or the islauil, ptinoipelly elong the nuigias of the eea kt tltitiidee 
nowhere exceeding 250 feet. Mid deposited nnoonibnsebly ageinet the 
sides of an older niainhuid. Hai« and than oa the aonth ooMt thej 
fill previDiialy formed erowon plaiu. They were all outde dtuing epoohs 
subsequent to aa epooh at elevation whenbjr the white limeatoaea of 
the Ooeaoio Sniea and aO {smeding fonoations bad been derated into 
hud, had andei^gmw tnmendona denudation, and had again sufiered 
partial nuuginal anbaidenoe. 

Tbaj are of four ^pea of formationa, to wit : beda of imfmre marine 
limeatone, gravel, and mail ; allnvinm itf the Kingattm ty^ ; elevated 
ooral reeft u illiutrated in the Barbioan and Hopewell IbrmatUMw ; and 
littoral deporits of coloareouB mud, with embedded fbesiU of contempo- 
raneous origin with the elevated reef formation. The four types in 
their general lithologic characters are analogous to the marine littoral, 
alluTial, and coral reef formations now being made around the margina 
of Jamaica. • 

The Sowden Bedi* — The Bowden and allied formations of later Ter- 
tiary ago constitute the older beds of the Coastal Series and are all 
marginal to the main upland masa of the island. Tbey apparently rep- 
resent a series of fringing formations extending around the older Plateau 
region. These in turn are bordered by still later and lower lying 
formations. 

Along the south coast of the east end of the island, between Morant 
Bay and Port Morant, there ia an extensive occurrence of gravel beds 
less than 50 feet in thickness, containing rolled specimens of nearly 
every species of volcanic rock found in the island, -which grades up- 
wards into an impure stratified brown and buff colored marl, the latter 

' The " Yellow Limestone" of Elheridge, Wull, Jones, Woodward, anilolhers; 
not the " Yellow Limealone " of Sawkins and Browa. 
* This name is adapted from Dall. 
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having a thickness of 200 feet as measured in the bluff upon which 
Captain Baker's house at Port Morant stands. The loose gravels at the 
base of this section have a very recent appearance, a deception which 
is further aided by the fact that they occur at beach level, and contain 
perfectly preserved fossils resembling modem shells. The fossils here- 
tofore reported from Bowden are found in the gravel bed, and, less 
abundantly, in a few feet of the lower part of the overlying marls, at 
the foot of the hill, at the beginning of the road leading up the hill to 
Captain Baker's, and in such abundance that as many as 400 species of 
Mollusks have been determined by Dr. Dall from two barrels of material 
collected by Messrs. J. B. Henderson, Jr., and C. T. Simpson and the 
writer. A few specimens occur higher up the hill, while near the summit 
there is a body of firm crystalline secondary limestone containing moulds 
of the characteristic fauna. The physical characters of this formation 
can be traced from Bowden to Morant Bay and beyond nearly to Yal- 
lahs Island, but there it loses its identity. On the road from Bath to 
Bowden its position above the Cambridge beds is fairly well revealed. 

The stratigraphy of the formation has not hitherto been presented 
correctly, although in the Jamaican Reports under the name of the 
*• Yellow Limestone " it was partially confused with the entirely differ- 
ent beds herein described as the Cambridge formation, and the gravel 
beds were mapped with the Pleistocene and recent formations.^ Henco 
its identity as a formation did not appear in these Reports.^ 

It is only on the south coast of the east end of the island that 
the Bowden beds have the characters mentioned. It is evident that 
the formation with modified lithologic features occurs elsewhere on the 
island, for the Bowden fossils have been found on the opposite side by 
us, and reported from round the district of Vere near the coast of 
Clarendon by other writers, in formations of quite a modified lithologic 

1 Careful search of Barrett's writings show that lie made two brief references 
to these beds. In one place (Jamnicnn Reports, page 44) he merely mentions 
" beds of marl, sand and conglomerate of the Bowden series," and alludes to sec- 
tions and further descriptions to be given, but which were never published. 
Upon another page (Ibid., pages 45, 46), under the head of *' gravels, clay, and 
yellow marl," he gives tlie following account of what we now know as the typical 
Bowden locality : " On the northeastern portion of the Port at Bowden we find 
the upper beds both thicker and more inclined ( 10° S. E.) than on the west, and are 
also more fossiliferous. Below the Ptcropod marl are beds of the most perfect 
Tertiary shells yet known on the island." 

2 The fossils of the Jamaica Survey from Bowden in the Museum at Kingston 
nre also labelled the " Yellow Limestone." 
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nature. Probably tbe Buff Bay, May Pen. and Poms formations, neit 
to be described, aro allied and syiiclironoiis deposits. 

The Huff Bay Bedt. — A formation cloaely allied to the Bowden beds 
is exposed in the superb coast bluff one mile east of Buff Bay on tbe 
nortb Bide. A good view of this is giveu in Plato XXVII. p.nd the 
strut igrftphical relations shown in Figure 23. This exposure ennsists of 
over 100 feet of bluish white, earthy, semi-indurated marl, containing 
very finely worn pebbles of igneous rock eonrcely as large aa peas, 
sparsely disBeminated through it. It ia in evenly bedded Btrata some- 
times separated by thin lamina; of bluish culcnreoux clay. The beds 
contain many fosBila, moat of which crumble into calcareous powder on 
exposure to air, but some aro svifflcieutly presetred to enable Vaiighan 
to identify the corals. These beds at Buff Bay rest directly npon a pure 
white chalky marl, which in its lower part grados down into the Mont- 
pelier beds seen at the railway tunnel. 

The beds of Ibis locality are slightly more cnlcareotis, bnt neverthe- 
less are textumlly related to the marl eiposeiJ at Bowden ; they like- 
wise contain gravel in very finely rolled particles, possibly iniiicnting 
that the beds are a slightly deeper water stage than those exposed at 
Bowden. Probably the Bowden exposures represent the littoral of the 
formation, while those of Buff Bay are of slightly deeper water origin. 
tiM identity rf tits two looalitiw is prond by ttie Hat thit voa of 
the typical and peculiar fossil corals of Bowden occurs in the Buff Bay 
material as determined by Vaugban. 

At Navy Island, a detached portion of the mainland lying off Port 
Antonio, there are impure yellowish clay marls and thinly l^edded lime- 
stones. These are also seen on the point of mainland at Port Antonio 
on which the hotel of the Boston Fruit Company is situated. The 
beds at Navy Island have also been correlated with the Bowden beds 
by Dnncan and Wall.' 

7%< Maff Pea Bed$. — At May Pen Parish of Clarendon, on the 
Montego Bay Eailway, and extending from there westward to Clarendon 
Park and eastward to near Old Harbor, along an east and west line 
corresponding with the width of the parish of Clarendon, there out- 
crops a peculiar formation corresponding in general position to the 
Bowden beds of the east end. This material consists of a loosely con- 
solidated mixture of yellow colored limestone lumps and clay mar), and 
contains many casts of Mollusca. The only good exposures we have 
seen are in the railway cuttings. The beds at May Pen dearly reel 
' Quart. Jour. Gcol. Soc., Vol XSI. p. 11, 
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against the soutliem margin of the Cobre formation, as seen imme- 
diutelj back of the station in May Pen village ; it apparently occurs 
along interior margins of the plain between Old Harbor and Clarendon 
Park, known east and west of the Minho as Harris Savanna and Lome 
Savanna respectively, and is thus apparently deposited along a former 
coastal margin which once here attiuged against the low back coast up- 
lands through which the Bog Walk Canyon is cut, and previously shown 
to be composed of the Cobre formation. 

Stratigraphically the May Pen beds occupy a position immediately 
preceding that of the ancient alluvial deposits elsewhere described as 
the Kingston. Fossils are numerous at May Pen, consisting entirely, so 
far as we observed, of indeterminate casts of Mollusca, being free from 
corals, especially of the reef building species. Further study of this 
locality is very desirable. 

The Porus Formation. — From the crossing of the Cobre to beyond 
Poms there are in the railway cuts many fine exposures of a forma- 
tion resembling that at May Pen, consisting of loose, coarse textured 
yellow clay marls accompanied by irregular lumps of limestone and 
containing poor casts of fossils. Sufhcient material was not obtained 
from it to determine with exactness its stratigraphic position, although 
it is, in general, to the coastward of the Bog Walk limestone, and ap- 
parently above it. The fossils which we have seen from it have facies 
more i^sembliug those of the Bowden beds than of the later formations 
presently to be described. 

There is also evidence that beds analogous to those of Bowden occur 
on the south coast of Clarendon Parish at the foot of Hound Mountain 
near Bath, which, according to Sawkins,^ contain fossils of the same 
genera as those found at Bowden (Port Moraut). A coral from this 
locality described by Duncan, and an Orbitulina by Jones, indicate fur- 
ther identity of the horizons. Unfortunately, the writer has not visited 
this locality. 

Of the beds described, only the Buff Bay and Bowden localities can 
be correlated with positiveness at present. The inclined position of 
the former shows that they participated in some of the later erogenic 
movements of the island. 

The final key to the Jamaican sequence depends upon the determina- 
tion of the upper relations of the Bowden and allied beds. That they 
clearly overlie the greater mass of the white limestones I am most 
positive, and are not at the base of all the white limestones, as asserted 

^ Jamaican Reports, p. 162. 
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vithoiat pmmitetion at proof b; pravioiu writeta, vboM ootMlanoiu, m 
atatsd in the Introdoetioa to this work, «« known to bam been faued 
on the eironeoat oortehtion ot tbtm bedi with the Cembridge Yellow 
limeetones whieh we know nnderlie tita white limeetonM as s whole. 
That they lie entirely above the TMt thieknenes of white limestone in- 
(dnded is dw Uontpoliar, Moneegn^ and Cobre fonnatioiis ia oertun, 
and we hsTS no reason to bdieve that any great mass of white lime- 
stones snoeesd them, the white limestones of the Istsi ftmaatioiis being 
rstativdy trivial in oomparatJTe thiakneas. 



Thi Coastai. £ 



-Latbb Ponnov. 



. 71U Maml U amM l Fwjmatitii. — On the abrupt east coast of the 
ialand, notiUriy at Mnktto Bay and Uanohioneal, and at Tarioiu locali- 
ties between tiioae points, there is a marine fimnation composed of 
altematioDi of loose yellow mad and lumpy white limestone slightly 
nsembling the M^ Pen beds, bat differing in that it posaasaes in places 
wdl drfned bedding planes and sometimes alternations of STenly bedded 
nail and impure UmestoDcs. 



FioDBK 27. Exposure ot Plioc 



it Mulnttn RiTer with Coral Ileaili. 



EfL9t of Pellew Bay are exposed 200 feet of a formatiou consisting of 
rotten and honeycombed white time boulders, embedded in white marl 
which weathera exteriorly into yellow clay. Against the eroded aides of 
this is an iiuconformablo deposit of elevated reef rock. 

At Mulatto River the road cuts through superb exposures, showing 
200 feet of beds similar to the foregoing, except that the limestone and 
marl are in persistent uniform alternations dipping strongly to the 
north. In these beds may be seen occasional heads of reef coral. Almut 
the middle of the section there is a ten foot stratum almost made tip 
of the latter, which clearly represents old reef rock, the oldest thus far 
encountered in the ascending series of the Jamaican section. The 
accompanying figure will give an idea of these beds. 
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From Priestraan's Eiver to Manchioneal this formation makes a bluff 
150 feet bigh, located slightly back of the shore line until within one 
mile of Manchioneal, when it approaches the edge of the sea. In the 
bluffs encountered just north of Manchioneal along the coast road are 
exposures of the formation 100 feet or more thick. Careful search for 
fossils in this bluff revealed only a few undetermined casts, — a few 
mollusks, a single species of reef building coral, as determined by 
Vaughan, many specimens of a Terebratula which Charles Schuchert 
has kindly studied as elsewhere reported, and a single pteropod. 

The Manchioneal formation continues south of Manchioneal as far as 
Priestman's River at the east end of the island, where our traverse left 
the seacoast and turned inland via Bath, reaching it again at Bowden. 
The beds may also be exposed along the intervening strip of coast 
between Priestman's River and Bowden. 

Barrett has reported from various localities at the east end of the 
island between Port Antonio and Morant Bay, at Old Harbor, Man- 
chioneal, and capping the hill at Bowden, a formation to which he gave 
the name of the Pteropod Marls. ^ His lithologic and stratigraphic de- 
scriptions of this formation are so meagre that it is difficult to identify 
the beds to which he intended the name should be applied. Even why 
it was called Pteropod Marl is not apparent, as only three species of 
pteropods were reported from it. Others alleged that it was composed 
Largely of Foraminifera, thirteen species of w-hich, as determined by 
T. Rupert Jones, are enumerated on page 314 of the Jamaican Reports. 
Our reconnoissance of the east end of the island was largely made to 
study this formation, but we were unable to recognize any beds cor- 
responding to it as a unit. We found marls with pteropods both at 
Manchioneal and at Bowden, each of which localities was specifically 
mentioned by Barrett, but inasmuch as these two places represent out- 
crops of distinct formations, the same name can hardly be applied to 
them, although there is but little doubt that they succeed each other 
stratigraphically. 

Marine Pliocene formations analogous to the Manchioneal beds of the 
east are but sparsely represented in the western part of the island. 
At only one locality have wo seen anything analogous to it. From 
eight to nine miles southwest of Montego Bay on the coast road at and 
near Round Hill, there arc extensive beds of yellow marl, resting upon 
a foundation of the Montpelier white limestone, which occupy the 
stratigraphic and topographic position of the Manchioneal beds of the 

^ Jamaican Reports, p. 82. 
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east coast aud closelj resemble them iu oompoaitiou and textuio. This 
foruiation ia apparently the oldest of tbe Coastal Series of this Ticiaily 
occutTiDg bj later aud uncoDformable depositiou in a pre-eroded plaiu 
back of Moutego Bay, which in former times waa evidently a bight into 
the present baek cuost hills. 

It is our opinion that the positioa of the MaDcbioncal beds along the 
south coast west of Yallahs Mountain is largely occujiied by the older 
part of the Kingston formation nest to be described. 

Nowhere have we seen the Miuichioneal beds oecur at a higher alti- 
tude than 300 feet, if that high. Barrett' mentions them as occur- 
ring at a height of 140 feet at Blue Hole, and 300 feet near Port 
Antonio.' 

From the low position of the Manchioneol formation adjacent to the 
coast and unoonformably against the older and more disturbed white 
limestones, it is evident that it was a margintd fringing deposit. Its 
stratigraphic position above tho Bowdon formation and below the un- 
doubted elevated reef rock to be descritied later, as well as the piUeon- 
toiogio evidence of its pteropods aud Brachiopoda, indicate tbe Plioccuo 
age of this formation. The contained corals, here poorly developed aud 
occurring in increasing proportions in the succeeding beds, mark tbe 
first definite appearance of the marine reef building species in tho 
Junaicui MquMioe. 

The Kingston Formation.* — The exteneive gravel oovered plains of 
the south side of the island of which that known as the Liguauea is a 
type, have been fully described in the chapter "Geography and Fhysi- 
ography," Part I. of this Report. 

These plains are composed of formations consisting mostly if not 
entirely of aggradatiooal material derived from the adjacent uplands 
of the mountains and plateau. This material varies in composition, 
being mostly detritus of the Blue Mountain Series to the east of 

' Jamaican Reports, p. GO. From hii lubmarine eiplenitians of tbe adjacent 
teas he eitimatea tliat ■[milar deposits are now forming at l&O fathomi (900 feet), 
and that the lea bottom baa been elevated tbls amount plua the preient altitude of 
tbe fonnationa (300 feel), or a total of 1,200 feet since titty were made. 

" Ibid, p. 82. 

* Tlie material of the Kingaton and allied formatlone are well deacribed under 
the Beneral head at " AlluTiuni," in the portiona of tbe Jamaican Reports dealing 
with thaparishe* of St. Andrew, St. Dorothj, Vere (now a dialrict of Clarendon 
Pariah), and SL Catherine. See Jamaican Keporti, pagea 101, 102, 142, Ug, 161, 
and 180. Thev are alao diicuaaed under the bead of " Flaina " on page 100 of 
the »ame Heport. 
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the Rio Cobre and largely white limestone debris to the west of that 
stream. 

It has been successively accumulated through several geologic epochs, 
and may ultimately be classified into several distinct terraines. For 
the present, however, we shall recognize but two principal stages, — an 
older one, to which the name of Kingston will be applied, and a newer 
one, which will be called the Moutego. 

The Kingston formation is the oldest of the formations of old gravel 
«ind other alluvium occurring upon the plains of the Liguanea type. 
This is the formation upon which the city of Kingston and suburbs are 
built, including the strip of laud known as the Palisades, and the plain 
extending back of Kingston to the foot of the mountains (see Plates YI. 
and XIX.). The material consists of boulders, gravel, and pebble of 
varying sizes, usually very angular, and representing every known 
material of the Blue Mountain Series. These are embedded in a matrix 
of dull red arenaceous clay, producing a chocolate soil and derived from 
the Minho beds so conspicuously exposed in situ in the mountains 
north of Kingston. 

The thickness of this formation is unknown, but over 200 feet are 
exposed in the thalM^eg of Hope River, and probably fully this thickness 
is concealed. It is even likely that it may be nearly a thousand feet in 
places. 

To the west in St. Catherine the material is similar in composition to 
all the rocks of the mother region drained by the Cobre. Sometimes 
it grades into a true marine marl, including some white limestone 
debris. 

Concerning the origin of this material in St. Andrew, there is no 
doubt but it has been deposited by Hope River, as it debouched from 
the mountains. While most of the material was originally estuarine, 
some of its upper layers were made by talus fan deposits similar to 
those now seen in the arid region of North America where the moun- 
tain streams debouch upon the desert plains. 

As a whole, it represents excessive deposition, first as estuarine or 
littoral material during an epoch when the coasts were submerged, and 
later talus deposits of subsequent epochs, when the land was rapidly 
rising and stream erosion was very active, as discussed more fully in 
Part I., p. 39, of this paper. The alluvial deposits in the bottom of the 
larger interior basins are also closely synchronous with the Kingston 
formation, and it is probable that these hasins are products of the same 
great erosion epoch which preceded the Kingston deposition. 
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Fossils ^ are generally missing from the Kingston formation ; specu- 
lation concerning its age must be founded entirely upon stratigraphical 
relations. In our opinion it is clearly older than the elevated reefs of 
the Barbican and Hopewell formations of presumable Pleistocene age, 
and younger than the Bowden formation, being nearly allied by position 
to the age of the Manchioneal which we consider Pliocene. 

The present beds of both the Hope and the Cobre Rivers deeply 
indent the Kingston formation, cutting far below the sui-face of the 
plain. The alluvium of these stream valleys and their genei'al level 
constitute distinct deposits which are later described under the head of 
the Montego formation. 

The. Elevated Reefs, — The coast of Jamaica, like many of the other 
West Indian Islands, is in places bordered by a peculiar formation 
composed of rocks which were once growing coral reefs similar to those 
now bordering the island, and which have been raised above sea level 
by general regional elevation in late geologic time. These forma- 
tions are found in small, limited, interrupted areas in Jamaica immedi- 
ately adjacent to the coasts, and at altitudes of less than seventy-five 
feot. They do not have the wide areal development which is seen on 
the north coast of Cuba, nor do they veneer the higher summits as in 
Barbados. 

The elevated reef rocks usuallv constitute horizontal beds of strata 
from ten to forty feet in thickness. These have a more or less massive 
exterior, due to surface induration, but when cut into, as they frequently 
are by the undermining of tlie sea or in the construction of highways, 
their interior structure is seen to consist of porous limestone material 
of varying texture, always more or less minutely honeycombed, and of 
irregular hardness, with red oxidized spots or yellow patches here and 
there. They sliow all degrees of induration, from that of the practically 
unchanged reef material to firm semi-crvstalline white limestones. 

Those rocks are composed of coral heads of various sizes embedded in 
a matrix of marl, — the latter being sometimes indurated into limestone. 
The heads usually have the erect position which they maintained when 
they were growing organisms. S(mie of these are of great size, one 
specimen, which can be distinguished in the illustration on Plate XXIX., 
was six feet in height. The marl represents the reef debris which is 
found between the growing or dead coral heads of living reefs, and is 

1 Brown, in the Jamaican Reports, pape 100, descrihes a formation similar to 
tliat of the Kingston in the parisli of St. Khzabetli alon^ the coast froDi Alligator 
Pond Bay to Green Bay, in which remains of land shells are found. 
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often accompanied bj Bhella of TtlolliiBkB, Echini, etc. In greatly altered 
reef rock the coral heads and marls become consolidated into firm senii- 
crystallitie white limeetoneB, marked by irregularity of texture and 
niimeroiia minute cavities representing the original interspaces of the 
coral skeleton, or sometimca representing places from wfaicU tlie coral 
structure has been dissolved away. These cavities are frequently filled 
with red clay or smter 

This reef rock not onlj m Jamaica, but in Barbados, Cuba, Panama, 
Haiti, Guadaloupe, and elsewhere, has an individuality whereby it can 
usually be diBtiuguishod from wJiite limestones of other than reef rock 




FiCiiJBE 28. Sliowing Compnsit 



Hopewell. 



origin. Even when gre.itly altei-ed by interstitol change, true reef rock 
Bhowa by the traces of reef coral structure and by its rough, cavernous, 
crystalline, and altogether uuhomogeiious teiture its original nature. 
Hand specimens showing no coral structure can be selected from a mass 
of reef rock, for mud, coral disliris, molluscan shells, and even shallow 
water Foraminifera often fill considerable spaces between the coral heads. 
Such specimens are eiceptional occurrences, however, and do not war- 
rant the frequent generalization that great musses of limeatone, which 
show no signs of coralline texture, may often be of coral reef origin. It 
may be considered reasonably certain that a rock moss in which remains 
of reef corals are not visible is not coral reef rock.' 

1 " Coral reef rock \» of ver;^ varying compoaElion ; the coral grows in hummock* 
Mparated by more or less narrow epaces wliich are filled up by coral aand, broken 
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Generally the Soboruco or old reef rook occurs immediately at the 
water line, forming an abrupt undermining bluff from five to ten feet 
high (See Plate XXYIII). In addition to the low level formation, two 
distinctly higher reefs are sometimes discernible, often a hundred yards 
or more back of the present beach line, at altitudes of 25 and 70 feet 
respectively, and constituting distinct formations. Owing to the fact 




^' S£A unrcL 



FiODBB 29. Relations of Elevated Reefs Dear Hopewell. 



that the old reefs of these three levels are conspicuous bench marks 
whereby the succession of other formations can be determined, we shall 
discuss them, where separable, under the names of the Coast Soboruco, 
Barbican, and Hopewell formations, respectively. Where not separable, 
or where their exact equivalence is iudeterminate, the general term 
Soboruco will be used. Furthermore, while we believe the sequence of 
all the formations of the Coast Series is as given iu the general table, 
page 42, for the purpose of discussing the reef made Tormations together, 
that order will he temporarily departed from and the latter will now be 
described. 

The best exposures^ of the Soboruco observed by us were along the 
road following tho coast of tlio east end of the north side of the island 
between Port Antonio and Northeast Point, but the sequence of the suc- 

shclls, Foraminifera, etc. Microscopic examinations of fragments of limestone 
broken from coral reefs sometimes show no traces of coral structure. Coral, more- 
over, is more readily decomposed than shell, sand, or foraminiferal limestones." — 
Nat. Sci., November, 1807, p. 290. 

*' Coral-reef Rock. — The rock forming the coral platform and other parts of the 
solid reef is a white limestone, made out of corals and shells. In some parts it 
contains embedded corals; in others, it is as compact as any Silurian limestone and 
without a fossil of any kind, unless an occasional shell. The compact non-fossil- 
iferous kinds are formed in the lagoons or sheltered channels ; the kinds made of 
broken corals, on the seashore side, in the face of tlie waves ; those made of corals 
standing as they grew, in sheltered waters, where the sea has free access. Large 
portions are a coral and shell conglomerate." — Manual of Geology, by James I). 
Dana, Fourth Edition, New Haven, Conn., 1805, p. 140. 

^ The distribution of the Soboruco in Jamaica is well shown on the Geological 
Map accompanying the Jamaican Reports, and in the text it is discussed under the 
head of the Coast Limestone. The text of the Reports gives only passing atten- 
tion to these rocks, and does not differentiate them into distinct formations. 
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cessivo reefs is l)cst shown on the west end of the north coast between 
Moutego Bay and Lucea in the parish of Hanover. 

Extensive patches of Soboruco border the coast two miles east of Port 
Antonio. This is made up entirely of large coral heads ^ and super- 
ficially consolidated into rough jajrged surfaces. It fBrras a low bluff 
about ten feet high, which is being undermined by wave action. It 
extends back from the water only a short distance, and numerous in- 
dentations have been cut into it by the sea. There are similar ex- 
posures on both sides of Williamsfield Ilarbor, making the coast line for 
two or three miles. The horizontal surface of these constitutes a bench 
against the line of back coast hills, here composed of yellow Pliocene 
marl. In places in this vicinity the Soboruco is backed by swamps 
lying between it and the hills. These swamps may have once been 
lagoons attending the landward side of the Soboruco when it was a reef 
in the sea. On Plate XXVI [I. is an illustration of the Soboruco bench 
in this vicinity, which shows in the foreground the jagged indurated 
surfaces of the rock, and in the middle ground and distance the under- 
mining bluff and wave indented incisions. Plate XXIX shows the 
composition and structure of the Soboruco, here made up of large in- 
dividuals of reef making corals. The Soboruco of the east end of the 
island is unconformable upon the Moutpelier white limestones, the 
Bowden, and the Manchioneal formations. 

The straight east coast of the island which extends to Point Morant 
is reached after passing Northeast Point. At the mouth of Priest- 
man's River a cross section exposing the entire thickness of an elevated 
reef is seen on both sides of the river for a considerable distance back 
from the sea, where it forms a vertical scarp some 25 feet in thickness. 
It overlies the yellow Manchioneal marls in which the present stream- 
way is situated. This exposure of Soboruco is made up of gigantic 
reef coral heads and its surface constitutes a wide flat bench extending 
from the sea to the back coast mountains. The top of this old reef is 
about 70 feet above the sea, an altitude equal to the level of the Hope- 
well old reef formation on the west side of the north coast, and the 
greatest height at which any undoubted reef rock is known to occur 
on the island. 

The Priestman's River terrace extends a considerable distance towards 
Black River. South of the latter as far as Holland Bay its level is 
continued by a baselevelled plain underlain by the older limestones, 

1 The species of corals from the localities mentioned are all given in the paleon- 
tologic portion of this paper. 
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probably the Cambridge and Manchioneal formations. Below this level 
the low coast Soboruco occasionally occurs in spots, as seen between 
Manchioneal and Hector's Eiver where it stands about 20 feet above 
the sea and tips nearly all the little points of land projecting into it. 




FlOUBE 30. 



Section of Elevated Reef Rock at Mouth of Priestman River. 
Streamway of Priestraan's River. 



XX. 



d. Later Terrace of Elevated Reef Rock. 
Older Terrace of Elevated Reef Rock. 



c. 
6. 
a. 



Manchioneal Beds. 

Back Coast Mountains of White Limestone. 



The east end of the south coast line, between the mouth of Hector's 
River and Bowden, was not examined, and we cannot from personal 
knowledge say whether or not the Soboruco exists there. None was seen 
on the south coast from Bowden to old Port Royal west of Kingston. 

Our traverses between Annatto Bay and Falmouth on the north side 
were mostly through the back coast country, and did not immediately 
approach the sea except at Port Maria, St. Ann Bay, and between St. 
Ann Bay and Runaway Bay, but the Jamaican Reports, in the discus- 
sions of the parishes of Metcalfe, St. Mary, and St. Ann, under the head 
of "Coast Limestone," give good descriptions of the Soboruco at many 
points along this stretch. 

One mile west of Port Maria a very small patch of Soboruco abuts 
against the foot of the great blulf of Riciimond beds shown on Plate 
XX I II. This old reef stands about ten feet above the sea, and is cut 
by waves into detached islets, specimens of which are shown on Plates 
XXX. and XXXI. The material consists of coral heads, of which some 
were over three feet in length and had to be blasted away by the road 
builders. 

Between St. Ann Bay and Runaway P>ay, nine miles to the west of 
Port Maria, there is a narrow ribbon of coast plain abutting against a 
background of the flint-bearing ^[ontpelier beds. The lowest Soboruco 
outcrops at several places along this road, and is apparently synchro- 
nous with the Falmouth formation described on a later page, which here 
sometimes re[)laces or grades into the reef rock. Patches of Soboruco 
tip the points of land to the east and west of Runaway Bay (not noted 
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on the official geologic map), and nowhere does it stand over ten feet 
above the sea or extend back from it over a few yards. 

Near Orange Bay east of Port Maria the railway cuts through a mass 
of old Soboruco some 25 feet in thickness, which is very much consoli- 
dated and crystallized, and resembles more nearly the true white lime- 
stones than any other exposure of old reef rock seen on the island. It 
is made up almost entirely of coral heads. Three miles west of St. 
Margaret Bay there is a bluff of very old looking Soboruco, standing 
35 feet above the sea. Between St. Ann Bay and a point within four 
miles of Montego Bay, the coast plain for the most part consists of the 
beds of white marl elsewhere described as the Falmouth formation, al- 
though occasional patches of Soboruco are seen immediately bordering 
the sea, standing about five feet above mean tide level 
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FiouBE 31. Elevated Reefs, Mile Post 97, Coast Road, East of Montego Bay. 

a. Coast Reef. c. Bench of Vertical Richmond Shales. 

6. Grand Plain. d. Old Reef. 

About four miles east of Montego Bay there is a fine exposure show- 
ing two distinct terraces of Soboruco. The older of these is 25 feet 
high and corresponds to the Barbican terrace. This is a considerable 
distance from the shore bluffs toward the sea ; the newer reef merely 
tips the coast at the sea margin, and is only five feet above it. There 
are several patches of the lowest Soboruco at the town of ^lontego Bay 
and on the western portion of the bay before reaching Hound Hill Point 
in the vicinity of the mouth of Great Hiver. Round Hill Point is an 
abrupt escarpment about 100 feet high. The background is composed 
of Montpelier white limestone. Against this, at a lower level are other 
beds possibly equivalent to the Manchioneal formation, while at the 
foot of the bluff is a small patch of Soboruco as shown in Figure 32. 

In Hanover Parish, between the moutli of Flint River, twelve miles 
west of Montego Bay, and Lucca Harbor, are the best and most instruct- 
ive exposures of Soboruco to be seen around the island. These con- 
sist of three distinct formations occun-ing at 70, 25, and 5 feet above 
sea level. The highest and oldest of these is well exposed at the 18 
Mile Post from Montego Bay, near Hopewell (see Figure 28) along the 
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stretch of coast between Mosquito Goto aud the east poiut of Lucea 
Harbor. Here the highway is located upon a narrow strip of low coast 
plain, following an inland bluff whose base, to a height of 30 feet, is 
composed of the black shales of the Richmond beds, which stand almost 
vertically. Above these is a firm scarp rock of old Soboruco 30 feet 




FiouBx 32. Bluff, West Bank of Mouth of Great Rirer, near Round Hill 

Point, Montego Bay. 

a. Back coast country of old White Limeitone. 
6. Yellow Marls allied to Manchioneal Formation, 
c. Soboruco near sea level. 

thick. This Soboruco is made up of gigantic coral heads of many spe- 
cies, as shown on Plate XXIX. The heads are embedded in a matrix of 
dirty white aiyj yellow marl, and have been so altered by induration 
and crystallizatiou that they could be broken by the hammer only with 
great difficulty. The summit of this reef constitutes a level which is 
visible for several miles. It corresponds in altitude, thickness, and 
litholoi'ic character with that elsewhere noted at the mouth of Priest- 




FiouRE 33. Old Reef unconformable on Old Eocene Clays near Barbican. 

a. Subvcrtical Richmond Formation. 

b. Reef Rock. 

man Rivor near Northeast Point in Portland. This Soboruco is the 
oldest not only by occurrence, but also in appearance ; the coral heads 
are more consolidated and crystallized, and the embedding material is 
of a Yellow color indicative of long oxidation. The unconformable con- 
tact of this old reef with the almost vertical Richmond beds is clearly 
shown in a bluff over 100 yards in length. 
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Another type of old reef rock is seen near Barbican, some three miles 
east of the foregoiog locality, in an excellent exposure. This is similarly 
situated relative to the road and sea as the Hopewell Reef, and likewise 
occurs UQOonformably upon the black Rtohmond ahaleB, here having a 
dip of 45 degrees. This old ree^ which we term the Burbicaa forma- 



FiouBi 31. EleTSted B«et uid Profile nemr BsrUcan. 
Caribbemn Set. 

Low coait plain fire fe«t abOTB lea, lod 200 yardi wide. 
The BarbioD Reef. 

A bench TO feet above lea, occupjing the level of the Ilopewell lleef. 
Back coait country, largely compoaed of the venlcally tilted Richmond I 
of the Bine MooDtaiu Seriei. 



tioQ, is only three feet in thickness, and is largely composed of a species 
of coral having an elongated cylindrical or club-like form, and a concen- 
tric arrangement of its layers. Figures 34, 35, and 36 show the occur- 
reoce of the Barbican reef and its relations to the ai^acent topography. 
The juxtaposition of the Hopewell and Barbican reefs and the lowest 
coast terrace relative to each other are well shown in the topography 




FiODKX BS. RelatloD of Barbican and Older Reef near Moiqulto Cove. 



sdJACent to Mile Post 19, displaying three distinct benches or terraces 
against the mountainous back coast country. 

Tmraediately at Barbican the Barbican terrace, or twenty-live foot 
level, approaches close to the sea and overlies a fossiliferous sinter 
or marl which is exposed at tbe foot of the escarpment, and which is 
full of molIuBoan fossils resembling tboss of tbe Falmouth furmation. 

TOL. X131T. T 
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le up of conJ hoeds iarpiy Mesn- 
drina, oocorriag at aad four Gmi abor* aea lerd . . 
(Uneoolbniut;) . 
1, Ctene marl with ahelia and eontl^ irregolailj indo- 
tated and eetnented- Farma l«ae of blofl ... 
(tTnoonfoniutT.) 
3. Carbtcan formatinD. Soboruoo t<t coral heads, firmtj 
cemented, resting onooafbmiablj upon 1 . . . . 
S. Marif bed aith maoj broken bnv&cfa corals (re«f debris) 
vbich gmetaUj underlies tbe abore in tbia region . 
(Vnoodfonnitj .) 
1. Bi^mood beds, forming the fuDdMnental rocka apon 
which an of the abore are depueitcd. OdIt pailiiiUy 




FienxB H. Tbe Barbican Beef at Barbican. 

«. CoMtMarL 

i. Barbican Reef, 

e^ Bichmond Bedi. 

From Mile Poet 19 to Mile Post 21| the coast topography shows 
only two of the benches, the immediate coast plain and the Barbic&n or 
twenty-five foot terrace, which projecta out from the back coast hills. 
At twenty-one and a half miles from Port Antenio the aeveaty foot or 
Hopewell reef terrace again »ppean as a prominent feature in tbe coast 
topography. 

Lucea Harbor has the shape of an elongated mule ehoe and is a bight 
cut ont of the land mass, here principally mde up of the Richmond 
shales. The points of tbe harbor adj^cvit to the sea are tipped with 
the low coast Sobomco. 

1 In litbologtc daiactera tfafa agreei tn the main with that glren of the locality 
b7 Brown on page MS of tbe Jamaiua Beporti. 
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The foregoing descriptions of the Soboruco practically include all locali- 
ties studied by us^ except the coast adjacent to Savauua-la-Mar. The 
observations include points around the entire perimeter of the island 
except the extreme west coast and the south c<W8t west of Kingston. 




FiousB 87. CroBS Section, West Side of Lucea Harbor. 

a. Soboruco. 

b. Elevated Reef. 

c. Folded Richmond Bed*. 

Those portions of the coast not seen by us have been sufficiently de- 
scribed and mapped by the official surveyors to show that the Soboruco 
occurs at many points in them. From Brown's description of West- 
moreland^ it is evident that the ten foot or coast Sobonico, and the 
twenty-five foot or Barbican Soboruco, are each represented there at a 
different locality, the former between Scott Cove and White Hill Point, 
and BMt of Homer Cove, and the latter at South Negril Cliff. The 
same author^ describes, in a general way, the Soboruco in St. Elizabeth, 
where it forms low cliffs 15 or 20 feet high and rests upon the "White 
Limestone." He ascribes it to a Post-Pliocene age. No definite men- 
tion is made of this formation along the coasts of Manchester or Claren- 
don (Vere) by the Jamaican geologists, although it is placed upon the 
map by them. 

Conclusions oonoernino the Elevated Reefs and the Histort op 
Reef Building Corals in the Jamaican Sequence. 

The old reefs grew upon marginal benches or terraces, which previous 
to their submergence W9ri probably wave-cut constructional or grada- 
tional plains like those now teen upon the land configuration. As they 
successively rose during subsequent elevation to within 20 fathoms or 
less, the zone of coral growth, they were occupied by the polyps which 
constructed the reef which has since been elevated into land. 

That Jamaica was once a more extensive land than now, with benched 
and terraced margins which were submerged by subsidence, is shown not 
only by the adjacent submarine ooofignration but by the elevated reefs 

1 Jamaican Stporti* p. 91^ ^ Op cit, pp. 208, 209. 
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tbemselyes, suoh as that at Barbican, which can be Been to be clearly 
deposited upon a surface horizontally eroded across the vertical structure 
of the old Blue Mountain Series. Similar submerged plains are now 
occupied by the growing reefis around the island. That these elevated 
reefs were formed on former land surfaces which had been submerged 
and were in the process of emerging, is attested by every topographic 
feature. The streams have cut continuously downward through steadily 
rising old reefii, leaving no evidence of alternating periods of drowning 
between them, such as veiieerings of later sea deposits across them. 

Our studies of the Oceanic Series have shown that true reef building 
corals do not occur in the great mass of white limestone composing the 
structure of the back coast country of Jamaica, or at altitudes greater 
than 70 feet. Our paleontologic discussion also shows that the true 
modem reef building coral species first appear doubtfully in the Bowden 
beds, then spanngly in the Manchioneal formation, along the coast be- 
tween Mulatto Bay and Manchioneal and near Round Point, Hanover. 
These and all succeeding beds containing reef coral occur only imme- 
diately adjacent to the present seacoast and unconformably against the 
pre-eroded perimeter of the main area of the island. 

These reefs are laid down on various formations from the Richmond 
shale to the Manchioneal beds, respectively. On the north coast of 
the island they are seen in contact with the Richmond, Montpelier, 
Moueague, and Manchioneal formations, while npon the south side 
they lie upon the Cobre, Bowden, and Montpelier. 

In general, the old reef rock of Jamaica consists of three distinct for- 
mations occurring at three levels, 70, 25, and 10 feet (or less) respect- 
ively. From the persistency of these three levels on the north, east, 
and southwest end of the island, it is evident that their present position 
above the water is due to continuous epeirogenic elevation after the 
present outlines of the island had been chiefly defined. 

Miscellaneous Coastal Formations contemporaneous in Origin 

WITH THE Elevated Keeps. 

The present land margin is not continuously fringed by growing 
reefs, but they occur in interrupted patches, alternating here and there 
with strips of different kinds of bottom, such as alluvial deposits op- 
posite the mouths of rivers, shell sand, or lagoon mud. Similar con- 
ditions prevailed during the time of the creation of the old reefs, and 
hence we find with them many diverse formations of contemporaneous 
orif*'in, some of which will now be described. 
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TTie Falmouth Formation, 

On the coast of Trelawney, Hanover, and Westmoreland^ irii mediately 
adjacent to the sea and seldom rising more than 15 feet aboyo it, there 
is a formation of white chalky marl, usually friable but frequently in- 
durated. In this are preserved numerous mollusks and fragments of 
reef building corals. The fossils retain all the nacre and other cbacojc- 
teristics of living species, and have been pronounced by Dall to be of 
Post-Pliocene age. This formation indurates in places into a close 
textured chalky white limestone, superficially indistinguishable from 
many beds of the Oceanic Series, but on close examination it can always 
be distinguished by the numerous fossils, as well as by its entirely 
different microscopic structure, which shows it to be old beach marl. 
Among the numerous fossils are many species still living in the adjacent 
waters, including StrombidsB and a small Bulla, the latter being the 
same which is common in the limestone of Yucatau, the island of 
Barbuda, and other localities in the West Indies. This formation is 
important, because it has wide occurrence throughout Tropical America^ 
and, when properly studied, will assist in general correlation. 

An outcrop of white limestone, similar to the Falmouth formation, 
occurs at Hospital Point, north of Montego Bay. This confains the 
remains of large Strombidse, and other well known species living in 
the present sea. Fragments of coral heads of the reef building species 
are quite common in this material. Good collections of the fossils of 
the Falmouth formation were also made near Landovary about seven 
miles west of St. Ann. These consisted of many moUuscan species 
associated with single heads of reef coral. The formation here is so 
indurated that it might well be termed white limestone, and easily 
confused with the white limestoues of the Oceanic Series. In St. 
George and Metcalfe the formation consists of almost horizontal beds of 
white marl with the mangrove oyster, between Canewood and Spanish 
River, and from Low Layton to Retreat and Savanna Point. 

The Falmouth formation was nowhere seen to be more than half a 
xuile wide on the north coast, but on the southern coast of Westmore- 
land, back of Savanna-la-Mar, it indents the country for a considerable 
distance. Its occurrence at this locality has been well described by 
Brown under the name of "White Marl " ^ and "Bulla Limestone."* 
Here it consists chiefly of a soft white lime marl, usually bedded, and 
having some layers more eroded than others. Back from the coast the 

i Jamaicao Reports, pp. 229, 230. ^ Ibid., pp. 228, 229. 
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fossil remaiue^ani'fow, but adjacent to it they abound and are well pr»- 

served. Qwip^-to the fnct that the furmatiou here lies comformably 

upou the_ 'Ar<Jutpclier beds, and that they Lave strong btliolo^c reHeni' 

blanoe to/ft, it is difficult always to distiuguiah them. At Little Eny 

the 'foBsils especially abound, and include numeraiis teeth of sharks. 

JiiAuki to ProfoBsor Duerdeo, of the Institute of Jamaica, we have 

/.'Brown's collections from theee localities iu Washiiigtou, and they ' 

'''-corrcspoud perfectly with those made west of Falmouth on the north 

' • oosat. 

The marls and liraestoncs of the Falmouth formation are consolidated 
aea mud, coueiating of material exactly similar to the bo called shell and , 
coml sand which frequently makes the present sea border around i 
Jamaica. It is entirely distinct from true reef rock, for it is not originiU 
reef material at all, although much of it may have been derived from 
reef d6bria. It is littoral organic oceanic debris which has been de- 
posited around the perimeter of the islaud, along borders free from land 
sediment or in lagoons between the reefs and the laud. 

In age the Falmouth formation is newer than the older or highest j 
elevated reefs, and probably synchronous with the middle and lower . 
Soboruco ; hence it must be assigned, like them, to the Pleistoceue or 
a later epoch. 

Miseellaneout PUitloctne and Hecent Formations. — In addition to 
the old Kingston formation and kindred deposits in the interior valleys, 
there are many o^radational formations of more recent origin, around 
the margin of the island, occurring as alluvial streamway deposits dis- 
gorged along the coast, or gravel beds resulting from the undermining 
of the Kichmond formation where it approaches the sea. The gravel 
of this material ia mostly of the Blue Mountain Series, but it also 
contains pieces of various other formations. 

TTie MonUgo Formation. 
At numerous places around Jamaica are patches of swamp or morass 
adjacent to the sea aud almost level with it. These are usually com- 
posed of alluvium brought down by the rivers, and are more recent than 
the Kingston fonnation previously described. They are well shown 
along the immediate coast at the mouth of Montego and Retirement 
Rivera south of Montego Bay town and thence around the coast, pro- 
ceeding eastward, as follows : near Montego Bay town and Umbrella 
Point, St. James Parish ; Half-Moon Bay, Trelawney Parish ; Palmetto 
Point, district of St. George in Portland Parish; between Plantain 
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Garden Riyer and the coast south of Morant Point; the Salt Ponds 
near Yallahs Point; bordering Hunt Bay between Cobre Eiver and 
Apostle's Battery on the west side of Kingston Harbor ; from Cabiretto 
Point to West Harbor on the east coast of the district of Vere^ Claren- 
don Parish ; along the south coast of Vere and Manchester from Port- 
land Ridge to Cut River ; between Star Cut Bay and Scott Cove ex- 
tending inland adjacent to Black River on the southwest coast of St. 
Elizabeth Parish; from Bluefields Bay to St. John Point in Savanuar 
la-Mar ; along the truncated west coast of the island between South 
Negril Point in Westmoreland Parish to Orange Bay in Hanover Parish^ 
and around Green Island harbor, Hanover Parish. 

Where these morasses extend a few miles inland up the rivers they 
occupy eroded indentations cut out of the lower Soboruco or Liguanea 
levels, as is especially well shown at Montego Bay, Long Bay, and the 
mouth of Black, Milk, Cobre, Plantain Garden, and Green Island Rivers. 
In one or two places, as along the north coast between Palmetto Bay 
and Buff Bay, the Salt Ponds, and elsewhere their configuration strongly 
suggests that they were originally lagoons on the interior side of barrier 
reefs. 

These morasses are most extensive at the mouth of Black River, St. 
Elizabeth, and at Long Bay, west end ; and near Morant Point, east end, 
where they extend back from the sea for two or more miles. Elsewhere 
they are elongated narrow strips less than a half mile in width and occur 
between the sea and the back coast border. 

These formations occur relatively to the Manchioneal, Hopewell, and 
Barbican formations of the Coastal Series, in the same manner that the 
Coastal Series, as a whole, occurs relative to the rest of Jamaica, 
i. e. they are deposited in eroded bights and on eroded plains cut out 
of the preceding formations. 

The Bogue Island Formation. 

The last to be described, but by no means the least interesting forma- 
tion of the Jamaican sequence, is that which composes a number of atoll- 
like islands in Montego Bay about one mile west of the city. These lie 
just off shore in the greatest indentation of the bay. Looked down 
upon from the elevated back coast hills, as seen in the illustration 
(Plate XX.), these islands appear to be a group of typical coral atolls, 
consisting of small circular belts of land enclosing interior lagoons. 
When visited and closely inspected they are found not to be of this 
character. 
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Tlicra are eight of these islands, none of which exceeds a. few acres in 
oren, nnd most of them ore perfectly circular lu outline. Five of the cir- 
cular ielauds and one of quadrangular outline enclosa interior lo^^ona. 
Until one puts foot upon them they appeal: to stand eight or teu feet 
abuvo the sea, owing to the denee growth of mangrove trees which rise 
to that height. Theu it is seen that several of them aiiow no land wbut- 
evor above tLo v&ter, but consist of circular patches of mangrove trees 
growing out of the sea. Others visited by us consist of a low riug of 
wind-hlown shell and coral sand, nowhere risiog over three feet above 
the Beo. A eballow bviiig reef nndorlics the whole area of the sea where 
tbcBo pseudo-atolls occur, aud cuuatitutea the platform from which they 
rise. A typioaL island presents tba following cross sectiou, figure 38. 




38. Cross Section of tlie Pieuilo Atolls nt Montego Bn/. 
il. Interior Lagoon of brown colored brnckiih swnmp water 
t. Land composed of comt sind and shell, covered bj poimg sad coconnut tre«s. 
b. A ring of mangrore bmhes ([rowing from tlie water aroond the island. 
«. Tliefloorof theeeaiialiTirgeotal reaf,with many AIrsp, Ecdinoderms, MoUask^ 
ete. The top of this reef ia about two feet below the surface. 

Wa can offer only 0Q« bypotheais to explain these ialets, aud that is 
as follows. As described by A. Agassis ' in the instance of the Florida 
keys, "young mangrove plants drill in immense quantities upon tho 
submerged flats whiuh reach nearly to the surface of the sea or be- 
come awash." These grow up in clumps lika some of the smalt islanda 
now seen. By wind aud wave action the reef debris ia accumulated 
around the roots of these trees, g^radually embedding them and ulti- 
mately rising above the water as land. The circlet of land thus made 
cuts off the older mangroves from the sea water. Tho older and origi- 
nal mangroves, now sand clogged, become the interior of the islet, and 
decay and die for want of acoess to salt water. Rain charged with 
carbonic gas from the decaying vegetation then compacts and dissolves 
the shell sand, and converts the oentral portion into lagoons around 
which newer land continues to be made by wave and wind. Meanwhile 
the new growth flouriahes adjacent to the salt water. 

1 Three Cruises of the Blake, Vol. L pp. G2, 63. 
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Iq addition to tbe true islets there is a circular head projecting from 
the land as a peninsula, the narrow neck of which, if severed, would 
leave an islet of the kind we have described. This and the laud im- 
mediately back of the island is a mangrove covered morass of the type 
we have just described as the Montego formation. 

Nowhere can so grand a combination of erosive and constructional 
processes or the successive formatious of the Coastal Series, as a whole, 
and their relations to the older formations of the island, be seen in a 
single view as at Montego Bay. This is a great indentation into the 
coast, the back country of which is composed of beautiful hills covered 
with tropical upland vegetation, rising in a series of grand terraces to 
a height of 1,000 feet or more, as shown in Figure 6 and on Plate XX. 
This plain is composed of the following formations of the Coastal 
Series : the Manchioneal beds, the twenty-five foot level or middle old 
nefy the low level Soboruco, and the Montego formation, while the 
Bogue Island formation barely appears above the waters of the bay. 
In the shallow bay fringing reefs are growing, and Mollusks, Echinoderms, 
and other sea shells are dying and coutributing shell debris, which near 
the shore is mingling with the aggradational alluvium brought down 
by the rivers. Elsewhere it forms great deposits of purest calcareous 
sand. 

The Montpelier formation, with its contorted beds of chalk and flints, 
forms the back coast hills in which this scene is set, and against which 
the various other formations lie in unconformable contact. Fragments 
of the yellow marls allied to the Manchioneal formation can be seen 
against this on the west point of the harbor between the mouth of 
Great Eiver and Round Hill Point. The old Soboruco, now converted 
into a white limestone rising fifty feet or more, constitutes the opposing 
northeast point of the bay. The railway station back of the town is 
upon a low level plain made up of shell bearing marls equivalent to the 
Falmouth formation, while the low coast Soboruco borders the sea at 
the city and Round Hill Point. The Montego formation occupies a still 
lower plain, almost or at sea level, cut out of the low Soboruco and 
Falmouth formation, as seen in the morasses south of the city. The 
indentation comprising the bay and coastal plain was cut by the com- 
bined forces of erosion baselevelling tbe land, and wave action indent- 
ing the shore, probably in late Pliocene time ; afterwards this plain was 
submerged, veneered by deposited sediment from the land, and inhabited 
by growing reefs. Later elevation brought the interior margin of the 
bay above the water, constituting the present low land extending be- 
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twecD the aett line and tlie back coast hilis, while coral reefs oonttnued 
to grow upon the ahallow portion which romained submerged. These 
pTDCGSsea arc mora fullj discuBBed ta the chapter dealiog with the 
geoloijical hietorjr of the island. 

Thk Igsbous Rocks of Jamaica. 

The following diacuasion of the igneous rocks of Jamaica is Imsed 
upon our lield observations, including a etudy of tho principal localities 
enumerated in the Jamaican Reports and many new exposures opened 
to view hy tho construction of the Port Antonio Railway ; the micro- 
scopic studies of specimens collected by ue, and of those sollections of 
the Jamaican Survey which were loaned us by the Museum of the 
Institute of Jamaica, are by Whitman Cross. Ko microacopio studies 
of Jamaican igneous rocks have hitherto been made, so far Ba we are 
aware, nor has any systematic discussion of the rocks been attempted, 
although dotnila of occurrence are given in the Jamaican Reports. 

Barrett, speaking of tho porphyry in St. Thomas,' said in an early 
paper that it is "evident that the igneous rocks (porphyries) formmg 
the base of tiiia aeriea, and iuterstratified with some of tho shales and 
conglomerates, were erupted prior to the deposition of the Cretaceous 
limeBtones, and at intervals of time sutficicut for the formation of inter- 
bedded aqueouB strata." This assertion may have led the geologists 
in England who wrote the Appendix of the Jamaican Reports to l>olieve 
these rocks fundamental, but Barrett himself, as well aa Sawkins, in 
their later reports on the easteru parishes of Jamaica, clearly show 
that the rocks are intrusive and not fundamental. (See description of 
Blue Mountain Series on pp. 51-53, also pp. Ill, 112, of this work.) 

Sir Roderick Murchisou baa said that the igneous rocka "are for 
the most port either of the Miocene ^e, or posterior to that era ; some 
of them, e> is well known, having been indeed recently erupted."* 
One would also infer a pre-existing foundation of igneous rocks beneath 
the aedimentary section of Jamaica from the columnar section on 
page 341 of the Jamaican Reports, and the unqualified statement by 
Etfaeridge, page 306 of the same Reports, that " the conglomerate and 
Cretaceous series rest upon Granitic and Porphyritio rocks," and from 
numerous references to granites throughout the body of tho Report 
Careful study of the individual reports upon the different parishes re* 

> QuBrt. Jour. Geol. Soc. London, 18B0, VoL XVL p. 826. 
* Jamaican Keporti, latroduction, p. jr. 
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Teals the fact that the rocks alluded to are clearly intrusive into the 
overlying sedimentary section. Our personal observations enable us to 
say positively that, while the oldest known rocks of the island are un- 
doubtedly rolled eruptive volcanic debris, no fundamental massifs of 
plutonic crystalline rocks, granite or other kind, are known to occur as 
a previously formed basement or axis to the sedimentary section of 
Jamaica. On the other hand, these rocks, by occurrence, are all erup- 
tive and intrusive, and in age are contemporaneous in origin with the 
sedimentary rocks. 

The igneous rocks can be classified by age, occurrence, and rainer- 
Sklogic composition into three distinct categories, as follows : — 

I. The andesitic (mostly hornblende) boulders, pebbles, and tuffs of 
the Blue Mountain Series, of eruptive origin from unknown vents, con- 
temporaneously deposited with the Cretaceous sediments of the lower 
beds and occurring as rolled and worked over material in the Eichmond 
beds of the upper part of that series. 

II. The hornblende diorite and granitoid porphyries of the five east- 
am parishes of the island, constituting dikes and masses, or laccoliths, 
Intruded through the rocks of the Blue Mountain Series and into the 
Montpelier formation of the Oceanic Series. These rocks are of Mid- 
Tertiary age. 

III. Eruptive amygdaloidal basalts of the Low Layton stock or vol- 
canic neck in the north coast of Portland. Mid-Tertiary. 

I. 7^ Botdder Material of the Blue Mountain Series, — In the gen- 
eral description of the Blue Mountain Series we have noted the pre- 
dominance of conglomerates, boulders, pebbles, and tuffs, composed of 
rolled volcanic rock, and the fact that the accompanying shales and 
sandstones are made up almost, if not entirely, of this material, which 
has undergone aqueous trituration. This boulder material is the oldest 
formation exposed on the island, and it has survived by rolling and re- 
deposition through all succeeding epochs, being especially conspicuous 
in the Richmond, Bowden, Kingston, and modem aggradational deposits. 

Particular attention was paid by us to the study of the composition 
and origin of this material. Specimens from what are apparently the 
oldest formation of the island, — the Frankenfield conglomerates of the 
Rio Minho section of Clarendon, — as determined petrographically by 
Cross, show that the material is almost exclusively composed of hom- 
bleude-andesites and hornblende-andesite tuffs. 

. Original niasses in situ from which this boulder material could have 
derived^ are nowhere known to be exposed on the island, and hence its 
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exact mode of origin i» questionable. From: its vast quantities, — prob- 
ably aggregating 3,000 fbet in thickness, -^ its eruptive nature, its size 
and freedom irom foreign mat4^rial» and the occasional colonies of Cre- 
taceous species which found temporary foothold during its deposition, 
there can be no doubt but it represents the piled up debris of a great 
Tolcanio vent or vents which rose from the waters of the Caribbean Sea 
in Cretaceous time, approuUmately where the island of Jamaica now 
atauds, and constituted a nudeal land around which all subsequent ter- 
rigenous formations now entering into the structure of the island, and 
largely made up of its worked over materials, were derived. This fact is 
one of the most apparent in Jamaican history. 

There is some reason to believe that the eruption of the homblende- 
andesites continued throughout the epoch recorded in the deposition of 
the lower part of the Blue Mountain Series up to the time of the com- 
mencement of the Richmond formation. The thick beds of tuff alter- 
nating with beds of black shale in the Minho beds of the Clarendon 
section are the last of the undoubtedly volcanic formations in the 
series. 

The more regular stratification and composition of the Richmond 
beds, although containing vast amounts of water worn volcanic pebbles, 
indicates that the sedimentary conditions had become more stable and 
were free from the disturbing effects of volcanic outbreaks. The pebble 
and conglomerate beds in the Richmond Series are nuich water worn 
and distinctly stratified, and occur interbedded with the shales and 
sandstones, or, when traced out, pass continuously into the latter, which 
is largely made up of water-rolled grains of igneous rock. These con- 
glomerates are mostly composed of the hornblende-andesite with rolled 
fragments of Cretaceous limestone. Wall has noted from the Port 
Maria bluff (see Plate XIII.), from which he collected the Eocene corals 
described by Duncan, a singular admixture of pebbles composed of 
** gneiss and crystalline slates, rocks of which no trace either in situ 
or otherwise liad hitherto been noticed in the island." ^ 

In addition to the hornblende-andesites in the Richmond gravel at 
Port Maria, Cross found one which may be a dacite. He describes this 
as follows : — 

*^No. 52 a. — Port Maria. (Pebble in Richmond formation.) A prob- 
able surface volcanic rock. It contains many fresli plagioclase crystals 
with glass inclusions, a few augite prisms, and very little magnetite. 
The predominant ground mass is cryptocrystalline and may contain a 

1 Jamaican Reports, p. 180. 
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lai^e amoant of silica. The rock is to be generally classed with the 
andesites rich in silica and poor iu iron, and thus may be a daciieJ* 

Whether these are exotic or haye been derived from more ancient 
rooks composing the structure of the island and now concealed by later 
formations, are speculative questions. For the present it is only safe 
to say that, together with all the other pebbles of the Kichmond beds, 
they are detritus derived from rocks which were originally made in 
previous geologic epochs, and that there are no indications of contempo- 
raneous volcanic activity during the Kichmond epoch. 

II. The HomUende-dioritei^ Porphyries^ and Granitoid Rocks. — 
These rocks are found in situ only in the third of the island lying east 
of a north and south line between Spanishtown and Port Maria in the 
parishes of St. Andrew, St. Mary, Portland, and St. Thomas, and barely 
extending into the northeast comer of St. Catherine. 

They occur as dikes cutting through the Blue Mountain Series into 
the Oceanic Series, and as deep-seated interior masses from which such 
dikes extend upward. These are the "granites," "syenites," "diorites," 
and " porphyries," in part, of tho Jamaican Reports, which contain many 
excellent detailed descriptions of their occurrence,^ but nowhere satis- 
factorily discuss or fully describe them as a whole. 

The terms granite, syenite, and porphyry are used interchangeably 
in the Jamaican Reports for what is practically the same rock or dif- 
ferentiation of the same magma, which being true, most of the rocks 
under discussion can be reduced to two classes, the first of which is the 
above mentioned gneiss of porphyritio granitoid rocks, the second, hom- 
blende-diorites. According to Cross, the latter are " all simple normal 
gninular rocks, with much more plagioclase than orthoclase, common 
green hornblende, and some altered biotite. The quantity of orthoclase 
and quartz varies in different specimens." In occurrence these rocks 
cannot well be separated from one another, or at least have not yet been 
Beparated. In St. Thomas-in-the-Yale " the syenitic, dioritic, and feld- 
Ipathic porphyries seem to succeed one another to tho westward. 

While certain rocks are called granites throughout the Jamaican 
Reports,* Sawkins in speaking of these has clearly noted that they 
differ from the true granites by the absence, abundance, or replacement 
of one of the constituent minerals. " It must, therefore, be imderstood 

^ They have also been described by De la Beche, but in both cases without 
microscopic aid. 

* Jamaican Reports, p. 139. 

• Ibid., p. 100. 
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that the com[>oaition of this rock throlighout JaraRica is not always that 
of qtiartK, mica, and feldspar, which are the constituents of true granit^i 
but more frequently feldspar, lionibleude, &nd quartz, . . . ai)d through- 
out the whole series feldspar and hombleiide occur more abundantly 
than quartz." 

AccordiDg to the microscopio studies of Croes, the exnct nature of 
these 80 called "granites," " syenites," and "porphyries" is as folio ws : — 

"Bpeoimen 2to. 'Jb. — On road to Blue MoiiDtaiii Peak. A very dis- 
tinot porphyry of the structural type commou in the laccolithic mas&es 
and intruuive sheets of probable oarly Tertiary B^ in Colorado, and 
adjacent territory. The rock is near the line between granite-porphyry 
and quartE-diorite-porphyry, ite feklepar crystals are ao much decomposed 
that their character cannot always be made out. Sumc are plagioclasc, 
some may be orthoclaae. I think the rook had hornblende crystals in 
its fresh state. Now the ferro-magneaiau coustitncuta are so far de- 
composed that they cannot be identihed. They were never abundant. 
The groundmass consists largely of quartz and orthocloee iu a fins 
earthy granular structure." 

"Specimen No. HG. — Feldspar Porphyry. District of Port EoyaL 
Salt River. Shelf G, Institute of Jamaica. l.abellcd Kletamorphiu 
Series. A much all ered porphyry with small phcnocrysts of ortbocUse 
and plagioclase and a dark sitii'ate now indicated by caldte and chlorite. 
The outlines of this latter constituent are nut sufficiently clear to permit 
inferences as to whether it was augite or hornblende. Groundmaas has 
some quarts but is mainly orthoclase feldspar." 

"Specimen No. 207. — Copper in syenite. District of Metcalfe, Parish 
of St. Mary. Shelf 7, Institute of Jamaica, ' Granitic Series.' A granite 
porphyry with much quartz iu its irregularly granular groundmass. 
Pink orthoclase feldspar is the principal component, in irregular large 
grains aeldum. of good crystal form, and in the groundmass with quartz. 
Chlorite replaces a former dark constituent, — probably biotite. 

" This granitoid group of rocks, exposed by erosion at many places in 
the Blue Mountain region, is best developed in a limited area embraced 
in the district of Port Royal (St. Andrew Parish, St. George, Portland, 
Metcalfe, St. Mary), and immediately adjacent to the comer of the 
parishes of St Andrew, St. Mary, and St. Catherine. All these locali- 
ties are in a small district of the island near the western half of the 
Blue Mountain range, occurring in some places over considerable areas. 
Sometimes these apparently occur beneath all t!ie sedimentary rocks, 
but usually they can be clearly seen as dikes, stringers, or masses pro- 
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trading into the overlying rocks, which clearly show their subsequent 
origin." 

Splendid exposures of hornblende diorites are seen along the highway 
and railroad as they follow the valley of the Rio Doro for £ve miles, be- 
tween Williamsfield, St. Catherine, and Newport, St. Mary. Usually 
these are very weathered and so decomposed that they break down into fri- 
able rotten yellow and ferruginous debris, which is cut away with spades 
by the road makers, but maintains a porphyritic structure to the last. Just 
north of the new iron bridge the railway cuttings exhibit for the first 
time exposures of the material in a fresh and comparatively unaltered 
state, specimens of which are the basis of Cross's description. This ma- 
terial everywhere has a vertical arrangement, as if it had been thrust up 
from below. On the south side of the area in St. Catherine it is overlain 
by the Cambridge formation, while to the north near Richmond, St. 
Mary, it is covered by the Richmond beds. 

The intrusive nature of these rocks, both dioritio and granitoid, is 
seen everywhere throughout the districts mentioned. The dioritic dikes 
abound in the same localities east of Clarendon, traversing the whole of 
the Blue Mountain Series.^ In fact, wherever the rocks of this series 
occur east of Clarendon, the intrusions can be seen pushed through the 
strata and altering the adjacent rocks. But few of these dikes are of 
narrow even sided proportions, but are mostly broad and ragged, and 
often 300 feet or more thick. 

In Metcalfe the granitoids underlie and protrude into the conglomerates 
of the Minho beds. In the Plantain Garden region according to Barrett,^ 
these are immediately below the Hippurite bearing Cretaceous limestone ; 
in Portland, vide Barrett,* south of Port Antonio, they underlie the same 
limestone, which has been highly altered and metamorphosed along the 
line of contact. Between Guava Ridge and Content they have pushed 
up into the shale beds of the Blue Mountain Series,^ as seen by us ; in 
St. Andrew they clearly protrude through the various rocks of the Blue 
Mountain Series.' South of Port Antonio they have apparently elevated 
all the rocks of the Blue Mountain Series and the Montpelier beds of the 
Oceanic Series ;• in St. Catherine they occur between the top of the 
Blue Mountain conglomerates and the base of the white limestones, 
and abut against and metamorphose the latter in the northeast comer 

1 Jamaican Reports, pp. 66, 71, 03, 05, 112, 122. 144, 188. 
« Ibid., p. 308. « Ibid., p. 75. 

« Ibid., p. 07. « Ibid., p. 105. 

« Ibid., p. 86. 
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of the parish ;* according to Lennox,* "the gmnite in the adjacent 
ragiona of 5C Thomos-in-the-Vala is certainly posterior in date to the 
White Limestone." 

The nutsflroua obserratione of the Jamaican gcologiats, veriRed by onr 
own, justify the opiDlon expressed by must of tlieni that these eo called 
gntnitea ure of Tertiary ajro,* and we think at least of a data later 
than the Montpelier epoch, — a oonchision borne out not only hy the 
facta presented but also by the obsence of the debris of tliese rocks in 
the conglomerates eo abundant in the preceding fonnationa. 

From the fact that the oomposition of these rocka ehows them all to 
be of deep seated origin, and from their occurrence as maBses beneath 
vnriouB formatione into which they aeud dikes and sillii, and owing to 
the foct that no evidence exists that they were ever protruded to the 
surface, we believe they represent the various phenomena of a great lac- 
colith which in Tertiary (Middle Oligocene) time was protruded upward 
into the then existing formations of the Jamaican sequence. Further* 
more, it is our opinion that the intrusion of those rocks was usociated 
with the elevation of the island, and the progrcaaive shallowing so evi> 
dent in the ascending sequence of the White Limestones, whereby they 
changed from the deep sea foraminiferal deposits of the Montpeher beds 
into more shallow limestones, and, finally, into the land areas which existed 
at the time of the peripheral deposition of the Bowdon Oligocene. 

III. 7^ Low Lat/ton Eruplivtt. — At only one locality on the island 
ig there supposed evidence of the ocourrence of true eruptive rocks in 
titH, or of igneous rocks of later nge than thoae already described. This 
is ot th» Black Hill near Low Lnyton, adjacent to Savanna Point, on 
the nortrh coast, between Bluff Bay and Hope Bay, in the parish of Port- 
land. This is a ridge extending fhim the seacoast near Retreat to near 
Low Layton, accompanied by one or two outliers and reaching an alti- 
tude of 700 feet. Here it has been asserted there la a neck or stock, 
or possibly the remains of old lava flows of what was once apparently a 
true volcano protruding through the Pliocene limestones. This hill has 
undergone great denudation. 

> Jamaican Reports, p. US. 

• Ibid., p. 147. 

* Barrett (in the Jamaican Beportt, p. 81) lUtei : "The porphTrr has altered 
the Cretsceoui and Eocene rocki, and it ii contemporaneoiu with the lower part of 
the White limeitone «erle«, «o that it wu erapted after the depoiition of the Eoceue 
(Black Slinle) leries, but before the formntion of the Plioceue (White limeitone ?) 
atntaj its geological age i* therefore Miocene" (Oligocene). Sra alio page* 116, 
182, of aame report for like opinions ot other writers. 
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This material and the accompauying phenomena of the outcrop have 
been described by Brown/ as follows : — 

*' The kinds of rock of which it is composed are amygdaloid and a 
pasty-looking brown agglomerate. The amygdaloid is composed of a 
hard blackish base or matrix containing kernels of carbonate of lime, 
and the agglomerate is made up of blocks of this amygdaloid embedded 
in a reddish iron stained material, which is extremely siliceous. Down 
the slope from the top of the volcanic ridgo to the valley the bare patches 
of brownish lava, with blocks of amygdaloid sticking in them, evidently 
indicate the direction of the old lava flows. Masses of rock jut out from 
the face of the hill, which have all the appearance of huge rubble walls 
cemented with lime; on examination they are found to consist of large 
blocks of lava intermingled with white limestone. In these the lime* 
stone has become cherty." 

Two hand specimens of this rock petrographically studied by Cross 
were determined by him as follows : — 

No. 143. — District of St. George. Low Layton. Basalt. (Plagio- 
clastic.) Fresh typical basalt, holocrystalline, vesicles filled with crys- 
talline calcite. No Globigerina. 

No. 141. — liOw Layton. Dense reddish groundmass obscured by fer- 
ritic material and containing olivine (altered), plagioclase, and augite. 
Vesicles partly filled with very distinct Globigerina. 

Since the date of Brown's observations, the Jamaican Railway has tun- 
nelled through the base of the hill, but the only new data it contributes 
is the fact that the igneous rocks are encountered 700 feet below the 
summit of the hill, and shows the latter to be of the nature of a volcanic 
ueck rather than an entirely superficial lava flow. 

It is also probably older than the Post-Pliocene to which Brown as- 
signed it. Our reasons for the latter conclusions are as follows. The 
fact that the ddbris of the basalt is intermingled with the flint bearing 
white limestone of Vicksburg age (supposed to be Miocene or later by the 
Jamaican Geological Survey) does not necessarily prove the Post-Eocene 
age of the basalt. On the contrary, the presence of the characteristic 
fossils and chalk of the Montpelier limestone in the scoriaceous cavities 
of the basalt clearly shows that this limestone was deposited contem- 
poraneously with or after the basalt. The yellow calcareous marls de- 
scribed as lying almost horizontally upon portions of the volcano were 
tentatively considered at the time of our examination to be the Buff 

^ Jamaican Reports, p. 120. These rocks were also mentioned by De la Heche, 
op. ciL, pp. 185-187. 

VOL. XXXIV. 8 
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Buy (Bciwden) formation of late Oligoceiie Hge. If this hypotheBia is 
true, tLoii the Low Layton rocks were made before or duriug tlie Mout- 
pelier epuch and previous to tlie Bowdea Oligocene. Furttier research 
IB necessary to determine this queBtioii finally. In any event, the Lour 
Lay ton " volcano " represents tlie latest of the igneous rocks in Jamaican ' 
history, and nowhere are there evideuc«B of further vulcaui^m. 

JUktamorphie Jtifiuences of lie Tertiary Jntnmve*. — The intrusion of 
thciie granitoid and dioritic rocks into the Btrata of the Blue MoiiutaiD 
Series and lower part of the Oceanic Scries has locally produced citeo- 
sivo metomorphisni of the adjacent rocks, baking the shales into hard 
frialile slatcB, and indurating the Cretaceous limestones. According to ( 
Sankins,* even the white limestone in Ht. Catherine " is so completely | 
metamorphosed as to bo entirely different from the ordinary type." The j 
Jamaican geologists have also asserted that iu places the shales have | 
been converted into porphyries * and the limestones into serpenlinea. 
We are uot prepared to affirm or deny these assertions.* , 

In localities where the metamorphism and alteration of the Blue 
Mountain Series hiis been enteuaive, the Jamaican geologists have re- 
ferred to the rooks under the formation name of the " ^letamorphosed | 
Scriea," which they have distinctly dehued ' as " con);lamerates, shales, j 
sands, and limestones, that have undergone varions changes by the in- 
trusion of ip^nuous dikca." It is evident from their doscriptiims, as pre- 
viously noted, that they did not intend to give these rocks a definite 
place in the Jamaican section otherwise than contemporaneoua with the 
conglomerates, shales, and Cretaceous limestones of the Blue Moun- 
tain Series in general; but the editors of the final table in the Re- 
ports,* and of the general geologic map and sections, have given this 
series a definite position in the geologic section below the " Hippurite - 
limestone" and above the "granite and syenite," thereby creating tlie 
erroneous impressiom that the metamorphosed beds constitute a distinct 
formation. 

' Jamnicsn Reporb, p. 147. 

> Ihid., pp. 82, 188. ' Ihid.. p. 62. 

* Ibiil.. p. 41. See also p. 105 for a limilar deflnitioa. 

t Ibid., p. 341. 
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PART III. 
Paleontologry of the Jamaican Sequence. 

The entire Jamaican section contains many unfossiliferous horizons. 
In other words, while there are a few zones^ where abundant macro- 
scopic fossils occur in abundance, a large part of the 10,000 feet of strata 
are non-fossiliferous. The lower Blue Mountain Series are mostly with- 
out fossils because of the disturbed conditions during their deposition. 
The upper portion of the Series is likewise mostly barren, owing to the 
turbulence of the muddy waters in which it was laid down. The deep 
water Tertiary white limestones, although largely composed of micro- 
copio organisms, contain vast thicknesses of rock with no macroscopic 
organic remains. This is due to the fact that these limestones were 
deposited at great depths, where fossil making forms other than Radio- 
laria were few in number, and the calcareous skeletons of such as did 
exist were dissolved by deep sea waters. 

On the other hand, the many changes of the character of the habitat, 
such as the introduction into the sea of the material of the Cretaceous 
volcanic outbreaks and changes of level in the later epochs, have inter- 
rupted the continuous existence of such littoral faunas as leave the most 
abundant remains and which from time to time may have secured foot- 
hold around the island prior to late Oligocene time. Thus it is that 
the few colonies of Upper Cretaceous life which obtained ephemeral 
existence around the margins of the island were deficient in species; 
the Cambridge forms, a little more diversified, and the Bowden and 
later species are numerous, as the surrounding seas afforded more con- 
stant and favorable conditions for the life of organisms. 

The paleontology of Jamaica is difficult to discuss, because many pre- 
viously known species have been described from miscellaneous collections 
(made by others than the describers) by naturalists who had not visited 
the island and had no conception of 4:he stratigraphic sequence, position, 
association, or exact locality of the forms. Such studies are valuable 
80 far as they result in the correct naming of species, but they a'-e too 
often accompanied by an unfortunate duplication of names and conflict- 
ing generalizations and deductions. Thus one author referred all the 
invertebrate faunas of the whole Tertiary and later formations, without a 

^ These horizons are marked with an asterisk in the coluninar Bection on page 42. 
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single detail of atratigraphic or geographio location, to the " Miocene," ' 
in vrbich epoch nil the fossils of Jnmaica and the West Indies ia general, 
with few exccptiona,^ have been placed. In direct conflict with tliia 
opinion, another eminent author in the Ititoat paleootologic publicatiou ' 
on the island informs ua that " No strictly Miocene strata bare yet 
heen discriminated in the Antillean region "'and refers the group 
hitherto so called to the upper Oligoccne.* 

Another serioiis class of mistakes due to ignorance of the strati' 
graphio sequence lias been the pfoinulgation of erroneous deilttctiona 
alleging the occurrence in the Antilles of certain forms entirely out of 
the age position which tbey were knotrn to occupy elsewhere, such as 
European Lower Chalk corals in tiio Jamaican Miocene,' of European 
Cretaceous corals in the Miocene of Haiti," and the occurrenoo oi Eocene 
Nunimulites and Orbitoides in the Upper Miocene of Trinidad' and 
Miocene of Jamaica.* The last mentioned class of errors has had a far 
reaching influence in general pakontologio literature which will require 
time and patience to correct. 

Another source of confusion was the fact that writers ignored the 
existence in the island of any Tertiary formations of earlier age than 
the late Oligocene (Miocene of all authors previous to Dull), a theory 
which arose from the uiifortimato errors of the Enghsh writers who 
ConfiiBcd the Rowden li-ds of the eust near the lop with the Yellow 
Limestone of the western parishes at the base of the Tertiaries 

Still another cause of misunderstanding was ignorance of the fact 
which has been pointed out for the first time in our chapters ou the 
stratigraphic conditions, that the great sea depths which separated the 
island from the continent during its earlier epochs of history — late 
Cretaceous and Eo-Tertiary times — constituted effective harriers to 
migration to the site of the littoral faunas of the continental borders. 
Owing to these barrier depths only a few or none of the shallow water 

• Gappy, On the Wp«t Indian Tertiary FoujIb. Geol. M«g., Decade II. Vol. I 
pp. 404-411, London, 1874. 

" Tlie two »pecie3 of Eocene corHli from Port Maria and the Rudisl^t. 

' Dnll, Proe. U, S. NaiLoiial Mureum. WasUinglon, 1896, Vol. XIX. pp. 803-305. 

• Ibid., p. 304. 

» Duncan, Qunrl. Jour. Geol Soo. London, Vol. XXL p. 12, 1865. 

• Gubb (Geolney of Sunto Do'iiingo, p. 89) infers tlinl these $o called Crctac«oui 
corala in tlie Haitian " Miocene " are fonnd in gmrel of Cretaceom dcTirie. 

' Proc. Sci. Associallon nf Trinidad. December, 1872. Port of Spain (1873), 
Geol. MnRizine. Decade II. Vol. L p. 21. 1874, Rn<i elsevrherc. 
< Duncan, Quart. Jour. Geol. Sou. London, Vol. XIX. p. 453. 
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noUoflcan species of the adjacent contineDtal borders found habitat in 
the littoral waters of the island prior to the late Oligoccne (Bowden) 
epoch, when the bottom of the region was sufficiently elevated to per- 
mit the migration of shallow water species over wide areas of the 
tropical seas and to connect the Jamaican littoral fauna with that of 
the mainland. Forms which abound in the preceding epochs, especially 
the corals and Foraminifcra, arc those adapted to wide oceanic migration. 
These conditions have produced in these earlier faunas a peculiar mix- 
ture of genera, comprising oceanic species and a few littoral mollusca 
which had found accidental foothold and acquired peculiar characters 
through long isolation, — the whole making a faunal assemblage quite 
foreign to those known in other typical areas of the world upon which 
Btratigraphio and age classifications have been founded, although re- 
taining generic criteria sufficient for positive age determination. Pale- 
ontologists, unaware of these conditions, have naturally failed to obtain 
in the collections from the island a correct impression of the Btrati- 
graphio significance of its fossils. 

In view of the confused condition of current published conceptions 
of the paleontology of Jamaica above set forth, it will be impossible in 
the present chapter to straighten out the confused synonomy of species, 
ft task which must be left to other specialists. Our principal endeavor 
will be to point out the true stratigraphic position of the material 
hitherto described, thereby making it of geologic as well as biologic 
value, and then, by aid of the larger amount of new material collected 
by us, present some deductions which may he of service to those who 
in the future undertake the special task of further advancing the 
paleontology of Jamaica. 

Cretaceous. 
Blue Mountain Series. Lower Division. 

From the occasional limestones and marl beds occurring in the vast 
thickness of tuffs and conglomerates of the lower division of the Blue 
Mountains, the following fossils have been collected, most of which have 
a decided Cretaceous facies. 

Foraminifera : Rotalia or Pulvinulina * ; *Orbitoides (1) ^ ; Ellipsac- 
tina*; *Xummulites (1).' 

Corals : Cladocora jamaicaensis, Vaughan ; *Diploria conferticostata, 

1 Identified by R. M. Bagg. Collected by Robert T. IlilL 
* Identified by Woodward. Collected by Jamaican Surveys. 
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VaugbAQ = D. crassulamelliisa, Buucou (non Edward iind Hftime) ' ; 
•MuIlicolmiiniiBtnuft nyathiformia, (Dununn) — IleliiiBtrEea eiBculptn, 
Duncau (uuu Heuiia) ami Kcliastraia cyatbifortuis SuDcan.* CyutUoseris 
faaiiliugeri, Duucati (:ioii Reuse)'; Poritea reusaiaua, Duncan*; Lcpt>~ 
phjllia ngossizi, Vimglinu. 

Ecbiuoderroata : Snlcnio. 

Conchifera : Pterucerns*; Kerintcn'; Cerithimn*; Turritellft*; Ai- 
tfeont'Ila*; Natiea*; Amouropaia (t)'; I'leurotomaria(l) *; Oatrea * ; 
jfecteu*; luocerainuB * ; LiUiodoniua'; Pbolodoraj'a • j Barrettia moni^- 
lifera, Woi>dward'i Radiolites adherana, •R rudis, R. cancellatus, 11. 
macroplicutiis, IE. fuinuloGus, Wliittield*; "Capriua jamaiccaaL'), Wliit- 
Aeld ' ; Capriuolla qiiadrangularia * ; Capriuclla gccidentalis, Wbitfield * ; 
"Caprine Ua gigautca, Whitfield.' 

Fossils marked with an asterisk are also reported from Cambridge 

This fauna k peculiar in its generic association, the numerical prepon- 
derance of Riidistes and corals, the sparse representation of Pelccvpoda, 
and the almost complete alisouco of Echini, Cepbalui>uUa, and Brachiu- 
poda, which BO largely preyai! in the Marine Cretaceous, and its general 
dissimilarilj to Cretaceous faunas elsewliere than in the Great Antilles. 

Forarainifora abound in the rocks of the Jamaican sequcuca from the 
limestone beds of the lower Blue Mouotaiu Series' to tbo present, and 
living forms occur in great qtiantities in the surrounding waters. The 
fossil forms which will bo frequently alluded to in this paper are of 
many species j some are of great diagnostio Talue, especially the species 
of Orbitoides and Nummuliuffl, which, as will be shown, are only found 
doubtfully in the uppermost Cretaceous aud Eocene (old usage) beds 
of the island. A correct appreciation of the stratigraphic occurrence of 
these and the other Foraminifera in the Jamaican sequence has been 
greatly confused in literatura by the writings of W. J, L. Guppy, who 
published that they all came from beds of the Miocene age. Inasmuch 
as his deductions have seriously misled other authorities, like Jonea, 

' Iilenliflpil by T. W. Vaughan. Collected by Bobert T. Hill, except the Cyatho 

•eria liaiJingeri. 
' Idenlifled t>j Duncan. Collected by Jamaican Surrey*. 

• Ideniifie<l l>y T. W. Stanton. Collected by Robert T. Hill. 
< IdentiSed by Woodward. Collected by Jamaic&n Survey*. 

• Identifled by Etberidge. Collected by Jamaican Surveys. 

• Identified by Whitfield. Collected by Nicliols. 

'< The conditiont of formation of the lower part of the Blae Mountain Series 
were in general unfavorable for their occarrence. 
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Parker, and Dall, it is necessary to give a brief synopsis of them to 
straighten ont the complications. 

Soon after the discovery of Orbitoides and Nummulinse in the Jamaican 
rocks by the official surveyors, and prior to Jones's studies, Guppy noted 
the discovery of similar forms in the asphalt rocks of the cliffs at San 
FemandOy Trinidad.^ In these papers he also stated that " the same 
species of Foraminifera had been detected in the Miocene rocks of 
Jamaica.* He said," " I have not detected any other organisms in the 
same bed as the Orbitoides and Niimmulites ; but both above and below 
it are found Tertiary fossils, probably not of more recent date than the 
Miocene age." Sufficient *' to state that the evidence derived from them 
is not inconsistent with the presumption of the Miocene origin of the 
deposits in question. We know too little as yet of the Tertiaries of 
this part of the world to be able to pronounce a more decided opinion ; 
but should the supposition of the Middle Tertiary age of the San 
Fernando Tertiaries be ultimately established, toe ghauld have here the 
remarkable phenomena of the association of an Old World with a New 
World form of Lower Tertiary rhizopod in a deposit of Middle Tertiary 
uge^ Furthermore he says : * ** Upon a close examination of the ver- 
tical mass [of asphaltum rock^] is found to consist chiefly of the remains 
of Nummulites and Orbitoides, two genera of Foraminifera whose shells, 
as is well known to geologists and paleontologists, form in various parts 
of the world thick masses of rock ; the Orbitoides being generally 
characteristic of the Eocene period in the Western Hemisphere, while 
the Nummulites is regarded as indicative of the Middle Eocene in 
Europe and Asia. Here, however, we find the remains of both these 
genera in strata of supposed Miocene age." * Thus, with probable cor- 
rectness, he correlated the Jamaican Orbitoidal beds with those of 
Trinidad, but erroneously referred both to the Miocene age (old 
classifications). 

In 1863 Jones and Parker described a group of Foraminifera collected 
by Barrett from the Pteropod marls of Eastern Jamaica of supposed 
Pliocene and Pleistocene age, and differing entirely both in stratigraphic 

* See Proceedings of the Scientific Association of Trinidad, December, 1872, Port 
of Spain, 1878. In tliis paper Mr. Guppy notes tliat lie announced the discovery of 
these forms in Trinidad at a previous meeting of the society in July, 1868. 

* See also Proc. Sci. Association of Trinidad, 1807, p. 15. 
» The Geologist, London, 1864, Vol. I. p. 160. 

* Loc, cit.f p. 169. 

* Figured on page 88 of Trinidad Reports, 1860. 

* A Report on the Geology of Trinidad, pp. 33 and 102. 
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poeition and in species frora tba Orbitoi<]a] horisons previously men- 
tiooed by Batrett, Woodward, Duacan, and Wall, aud Jones himseir.' 
lu the same Report ' Juuea aud Parker described a lai^'e furaiuiuiferat 
fauuB dredged (r»iu tbe ocean off Janiaioa hy Barrett, vhich consisted 
uf recent species almost identical with those of the Pteropod marls. 
Neither of these cuUectiuns contaiued Orbitoides, Nummiilites, or anj 
of the more ancient forms of ForamiDifera mentioned in the preriuiis lit- 
erature. Id 1867 Guppy tabulated a few species of Foraminifera from 
the Pteropod marls aliove referred to aad the Orbituides and Num- 
muliuie together, and cites them all as coming from ''the Upi:*r 
Miocene of Jamaica."* lu 1874 be again tabulated all the Forami- 
nifera from the Pterojfod marls and recent dredginge in one group Kith 
those from the Orhitoidal aud Nummulitic horizons, as coming from 
the Miocene of Jamaica.* 

Finally, after successively placing the Orbitoidal and Nummulilio 
horizons in the Lower Tertiary, the Upper Uiocenc, and the Mioceno 
respectively, besides mitiug thetn with forms which are definitely 
known to come from entirely distinct horizons, Guppy in 1892 ad- 
mitteil' that the San Fernando (Nnparima) Orhitoidal and Nummulitio 
beds of Trinidad vhich he originally considered Uiocene were probably 
of Eocene age. Inasmuch as all his references of the Orbitoides beds 
of Jamaica to the Miwene were bnaed upon their supposed resemblance 
to these Trinidad beds, this lost conclusion clearly cancels his many 
previous references of the Orbitoidal limestones of the West Indies to 
the Miocene age. 

Fossil Orbitoides were first reported by Barrett in 1860,'fVoni the 
limestones included in our Blue Mountain Series, and these fossUs were 
stated by him to be "of Cretaceous age in Jamaica."* Specimens 
from his collections were sent to England, where they were studied and 
commented upon by Woodward, T, Rupert Jones, Duncan and Wall, 
and others.' 

> Jone* uid Parker, Brilish Aisocistion Beport, 1863, p. 60. 

" Ibid., p. 105. 

■ Proc, 8a. Aoocistion of Trinidad, December, 1867, p. 167. 

* Geological Hasazine, London, 18T4, p. 21. 

' Quart. Jour. Geol. Soo. London, Vol. XLVin. p. 620. 

* In a report referred to by tlie GoTemor of Jamaica, in the flrit mesaSBB of 
February 7, 1S60, printed in Jamaican Reporta, 1809, p. 7Q, he ujt that Orbitoides 
are Cretaceous in Jamaica. 

' Jnmaican Keporti, p. TS. 

* See reference* following. 
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In 1863 tbe material collected by Barrett and mentioned by Wood- 
ward, was reported upon by T. Rupert Jones.* Orbitoides are included 
in the list of Cretaceous fossils given by Etheridge,' and alleged to occur 
with Nerinaea and Rudistcs by Woodward,* and Duncan and Wall.* 

Woodward* reported both Orbitoides and Nummulinae from the 
" Hippurite limestone " of Jamaica, which " is unlike that of any Eng- 
lish stratum. It abounds in small oval bodies related to the Tertiary 
Nummulites, and also contained Radiolites, Inocerami, a large Nerinsea, 
and an Actceonella resembling A, kevts d*Orb." We have not person- 
ally observed Orbitoides in the Jamaican Cretaceous rocks, although 
they abound in the Eocene, as will be shown on a later page. Creta- 
ceous limestones from Costa Rica, described in our Panama Report^ 
show a mixture of remains very suggestive of the one described. The 
occurrence of Orbitoides and Nummulites, which abound in the Eocene 
formation, is more fully discussed on later pages. 

Duncan asserted ® that the corals were mostly European forms, " the 
majority have very decided facies, . . . suggestive of a close alliance 
of the great coral fauna of Gosau in the Eastern Alps," while others 
'were alleged to be " common forms in the Kriedensmerle." He also 
stated "^ that "there is a community of species of corals between the 
Lower Chalk of Gosau and Piesting and tlie French Hippurite lime- 
stone at Martigues, the Corbi^res, and Uchaux. ... It is clearly this 
assemblage of forms which is represented in Jamaica ; and it is an in- 
teresting fact that the specimens from Gosau, Mount Hindmost, and 
Trout Hall present the same mineral aspect; in fact, the specimens 
are barely to be distinguished." Vaughan, who has recently re-examined 
Duncan's collections, does not agree with his conclusions, and states that 
they have no affinities with the Gosau forms. The Gosau (Cretaceous) 
forms are Senonian, and do not belong to the lower horizon to which 
Duncan referred them. Furthermore, two of the species mentioned by 
Duncan from Trout Hall and Upper Clarendon, Diploria crassolamel- 
Ima, Duncan (non Edwards and Haime) = Dijyloria covferticostata^ 
Vaughan, and Hellastrcea exsculpta, Duncan (non Reuss) = MuUicolum" 

1 Quart. Jour. Geol. Soc. London, 1863, Vol. XIX. p. 514. 

* Jamaican Reports, p. 310. 

« "The Geologist," Vol. V. p. 873. 

* Quart. Jour. Geol. Soc. London, 1865, Vol. XXL p. 2. 

* S. P. Woodward, in the Geologist, London, 1862, Vol. V. p. 873. 

* Quart. Jour. Geol. Soc. London, 1865, Vol. XXL p. 11, 
' Ibid., p. 12. 
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eyatkiformit (Dunoan), are tkleo found in tho CiimbriJga Eooeue, 
and are Eocene 8]jecics. 

Thera ure severivl species of corals iu our collcctioiia from Jerusalem 
Mountain, including, according tu Vauglmu, a Cladocora, — a genus not 
hitherto found fosaij in the West Indies. Vaughiw remarks tbat there 
are otliur undaterininod species from the Cretaceous of Jamnica different 
from those already reported by Duncan. N'owhero iu the Continental 
American Crolacoous, eicept in Sniithcni Mexico duscrihed by ¥e\\t 
and Lenk, is there a diverailiod oonil fuiiua, and the hitter belongs to 
lower beds. No comparison has Iieeii as yet instituted between the 
Mexican -Jamaican Cretttueous corala, however. 

The Mollusca, with the eicepiion of the Rudistes, are very poorly 
representei). The eight geneni of Gastropoda found are all poorly pre- 
served casts, mostly from the Jcnisalcni beils, with the exception of 
Actaionella, which also occurs in the Logie Grecu. The four polecypods 
Other than tlia Budistes are mostly from the upiier marls of the Jerusa- 
lem be<l3. This faiut represeutatiou of Pelecy[ioda in tbs Cretaceous 
of Jamaica is u moat remarkable feature. Numerically the fauna is 
predominantly Rudisteon ; these forma nlvaya occur in all the fossilif- 
eroua beds, even when others are unrepresented. They compose the 
mass of the Jerusalem limestones, and occur singly in tho occasional 
clay bods i>f the riiillanl and Calaiiiiiia beds. 

Specimens of this Kudisteau fauna collected by Nichola have re- 
cently beeii de8cril>ed by Whitfield.' It is unique in specific features, 
being entirely different from that of Europe and North America, 
especially that of Texas, where Rudistes are very numerous in tho Ed- 
wards formation of the Lower Cretaceous (unless E. nicholasti is ctUied 
to ft form of the Upper Cretaceous of Alabama and Texas). The 
absence of tho genus Hippurites, so abundant in the Upper Creta- 
ceous of Europe and Southern Mexico, is also noticeable, although this 
genus is missing from the Cretaceous of the United States. One 
genus, Earrettia — included in the Rudistes by Woodward,* and re- 
cently asserted by Whitfield* not to belong in this group at all — has 
no known representation elsewhere with the possible exception of 
Guatemala, where it has been questionably reported by Sapper.* 

> Bull, Am. Soc. Nftt. Hi«t., New York, 1897, Vol, IX. 

* The GeologLit, London, 1802, Vol. V, pp. 872. 877, 

' Bull. Am. Soe. Nat. Higl., New York, 1837, Vol. IX, pp. 233-240, Platea 

xxvii.-xxxvin. 

* Reporieil by Supper from Gantemala. Physical Geography ol Gnatemala. 
Pelermann'a Mittellungea, No, 113, Goths, 18M, p. 9. 
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With this exception not a single species of the fauna has been reported 
from the North or South American Mainland. Probably the same fauna 
occurs in Cuba and Haiti, judging from papers by G. F. Matthew ^ and 
Tippenhauer.* It is also possible that it may occur in Guatemala and 
Costa Rica, or even Southern Mexico, where large unstudied Kudistean 
faunas abound. As will presently be noted several of these species of 
Rudistes also occur in the overlying Eocene (Cambridge) beds. 

The most numerous and conspicuous forms of the Jamaican Creta- 
ceous fauna are genera which proportionately have but slight representa- 
tion in the North American Cretaceous, such as the corals, Rudistes, 
Nerinaea, and Actseonclla, while on the contrary there seems to be an 
almost entire absence in the Jamaican fauna of such forms as Ammo- 
nites,* Trigonia, Gryphaja, Exogyra, Brachiopoda, and Echinodennata, 
which are so characteristic of the North and South American Cretaceous 
of Atlantic sedimentation. The Jamaican Cretaceous fauna, which is 
the oldest known life of the Great Antilles, is unique. Several Rudistes 
and two species of corals from these supposedly Cretaceous formations 
continue upward into the beds which are here placed in the Eoc«ne, in- 
dicating a gradation of the faunas of these two epochs, as further dis- 
cussed on a later page. It may possibly be explained upon the hypothesis 
that it lived adjacent to an insular land, separated from the continent 
by great depths of oceanic water which prevented migration to it of tlie 
main littoral fauna in its entirety. These beds represent the expiring 
days of the Cretaceous and can hardly antedate the Senonian in age. 

The Eocene Faunas. 

The existence of Eocene strata iu Jamaica has hitherto been a ques- 
tion difficult to determine owing to the previous confusion of knowledge 
of the stratigraphy and paleontology. It is our opinion that the Eocene 
is well .represented by at least two distinct formations, the Richmond 
and Cambridge, and by three, if the Montpelier formation, which is the 
equivalent of the Vicksburg stage, is included in the Eocene, as has 
been customarily done by all American writers until recently, when 
Heilprin and Dall, following Conrad, have again placed the Vicksburg 
in the base of the Oligoccne. 

1 Canadian Nntnraliat. 1872, Vol. \^I. p. 19. 

* Die Insel Haiti, I^ipzig, 1893. See Plate preceding page 881. 

• Ammonites have been reported in one locality only in Jamaica (page 78), 
but their occurrence there has not been verified or accepted by the paleontologists 
of the Survey. 
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These three formatione, although distinct ia lithologic charactei% 
grade into nne auother, the Richmond being a littoral, uon-cftlcareont 
clastic formation, the Cambrliigo a mixed calcareous and argillaceooi 
littoral, and the Montjielier a truly deep sea foramiui feral chalk depoait 

Dc la Bcciie, the earliest writer on the geology of Jamaica, plucai 
the beds iucluded in our Richmond beds, in liis medial, or CArbonlferou 
Series,' aud included the Cambridge in the baae of hia " White Lin* 
Btone," now known to embrace formations fi-oni Eocene to recent iucln- 
aive, the Miouene ejicepted. He referred the fossils from the hnaeof 
this series (our Cambridge beds) to the Eocene, and considered them to 
" lielong to the same age as the Loudon Clay, Calcain grouitr of tii« 
Paris Bftsiu," and published a figure of one of the large CerilbiiuM' ' 
peculiar to it. 

llunean aud Wall, and others connected with writing up the J»- 
majcan Reports, referred the beds of our Kicbmond formation to t)i« 
Eocene, but expressed many confaaing opinions concerning the age oi 
tho beds wo have placed in the Cambridge aud Moutpelter, aoroe of tlie 
writers having referred them at first to the Eocene, — which conclusion 
was finally abandoned by Etheridge and others, who confused them with 
the Mioccue strata. These beds, wliich underlie the white limestooei, 
were at first considered Eocene hy C. B. r>rtiwn and other field worken 
in tho woateru purishes, but through the unfortunate niiscorrolationon 
the part of tho workers in the eastern parishes, as explained in the In- 
troduction of this Report, they were confused with the Bowden beds, 
which orerlie the white limestones, aud all conception of their tme 
position was completely obliterated. 

C. B. Brown ■ described tlie Yellow Limestones (Cambridge beds) with 
Orbitoides in St. James, " which agrees with descriptions of Claiborne, 
Jackson, and Suggsville beds." He noted that no provision had been 
made by the government for a critical examination by a paleontologist; 
" therefore until such has been made, the subject inust remain unset- 
tled," He also referred to a list of fossils from thia formation in the 
Appendix of the Report, but does not give it. It is a singular fact that 
the species of this fauna were apparently never seen nor studied by the 
English paleontologists, into whose hands fell the official collections of 
the Jamaicau Surveys. 

Sawkins's pnblished views are conflicting. At one time in discussing 
the "Yellow Limestone of Trelawney" (our Cambridge beds), he de- 

' Trsni. Geol, Soo. London, 1626, No. 30, pp. 157-168. * Ibid., p. J71. 

' Jamaican Reporti, p. 244. 
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scribes them as " Orbitoidal limestones^ which agree with the descrip- 
tions of the Claiborne beds by Sir Charles Lyell and Mr. Dana." ^ In 
two other places he referred them to the Mid-Tertiary period, on strati- 
graphic grounds, because they occurred between the Eocene (our 
Richmond beds) and the White Limestone, the latter of which he (Saw- 
kins) erroneously considered Pliocene.^ These original opinions on the 
part of the field workers to the effect that the beds were Eocene were 
abandoned by the authors of the Summaries of the Jamaican Reports, 
who, writing in England, confused the identity of the (Cambridge) Yel- 
low Limestone underlying tlie great White Limestone Series (Montpelier 
and Moneague formations) with the Bowden Oligocene beds overlying it, 
and erroneously supposed the latter to be the base instead of the top of 
the White Limestones. In this manner the identity of the Cambridge Eo- 
cene faunas was confused with that of the Oligocene, and the age of the 
whole Jamaican sequence above the Richmond so jumbled that it has 
become impossible to obtain a correct knowledge of it from the literature 
concerning the island, even that of the most recent writers, like Jukes- 
Browne and Harrison, who have said that the upper division of the Mio- 
cene "is doubtless the true place of the Jamaican Yellow Limestone." • 

So confusing has the literature become that of late years there has 
been a tendency to deny that the rocks of the Eocene were present in 
the West Indies. The most recent summary of these formations* omits 
it in this region with the doubtful exception of the Manzanilla beds of 
Trinidad. One gratifying result of our researches is the presentation of 
additional proof that the Eocene period is represented in Jamaica, not 
alone by the doubtful Richmond beds, but also by the Cambridge forma- 
tion, and that these collectively constitute one of the most distinctive 
and important formations, not only of this inland, but of all the great 
Antilles, Barbados, Trinidad, and perhaps the Windward Islands, as 
will be shown in later pages. 

The Richmond Beds, 

In the Richmond beds animal remains are exceedingly rare. A 
Natica, a Turritella, and what is probably a large Scalaria associated 
with two doubtful species of supposedly Eocene corals described by 
Duncan, have been found in the conglomerate of Point Haldaue, at 

1 Jamaican Reports, p. 224. « ibid., pp. 130, 138. 

• Quart. Jour. Geol. Soc. London, Vol. XLVII. pp. 197, 242. 
4 Dall, " Descriptions of Tertiary Fossils from the Antillean Region." Proc. 
U. S. National Museum, Vol. XIX. pp. 308, 305. Washington, 1896. 
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Port Maria. Duncan aud Wall have also repoited ono speciea of Eoceue 
coral Ironi the black ehale of the lilue Mountain Sories from tbe valle; 
of the Yallahs River on tlie south aide of the island, east of Kingstou.' 
Etliertd^'e ' also mentions a Melania and a Turriteila from those bods. 
A emiUI Modiola has also been found in the formation at Arthur's Seat 
Wlieu the impure turbulent conditions of tbe sediments are considered, 
which are very similar to those of the Lignitic group of our Southern 
States Eocene, this scarcity of fossil remains ia not surpriaiug. Plant 
remains occur nearly everywhere in tlie lainiuu; of the clays. 

In all, the following species have been reported from the Richmond 
beds: — 

Paracyathus craasus, Ed. it H. ; ' Styiophora contorts, Leym. ; * 
Styloccenia emarciata, Lara, (Duncan),* = St. duerdeni, Vaughan ; 
Colli mnaatrffia eyeri, Dune.;* Modiota, sp. ;* Melania;* Turriteila;' 
Scalai'ia;* Rudistea;* ' Caprinella;* ° Actajonella;" Natica phsksia- 
nelloides. 

The Huppoaedly Eocene corals of Duncan, with one exception, were 
found in the gravel and shale beda of the Richmond formation at Port 
Maria. They are depauperate forms, which apparently gained foothold 
with diffioulty iu the disturbed and muddy waters of the Richmond 
epoch. Concerning these Duncan and Wall' wrote as follows : — 

" Tbe specimens from Port Maria are either dark aud carbonaceoua- 
looking, or are encrusted on a fine dark purple conglomerate ; all are 
very significant of the horizon, and recall the puny development of the 
species of the London Clay. The Paracyathus from Yallahs Valley re- 
sembles that of the London Clay, being even stained black, like the 
Sheppy speeimens ; the Stylocanta emarciata is a well known form in 
British, French, Italian, and Sindian early Tertiary eolleetions, and the 
Srt/lophora conlorla also. The Styloeconia and Stylophora are character- 
istic corals, and denote an Eocene horizon ; and tbcy indicate, when 
unaccompanied by other species, the esistence of physical conditions not 
favorahle for coral growth." 

Vaughan has described Duncan's Stylocania emarciata as Styhccenia 

' ?arneyatliu», sp. Quart. Jour. Geol. Soc., Vol, XXII. p. 8. 

'' Jamaican RcportB, p. 311. • Upper Valley of YKlUhg Rirer. 

* Point Ilaldnne. Port Maria. ' Artliur'e Seat, Clareiulon. 

<* Reported by Etlieriilge (Jamaicnn Deports, p. 311), who Burmised tliat they 
were derived from " Hippurite limeslone below." No " Hippurite " limestone is 
known to occur below the beds at Port Marin, or within any reasonable distance. 

' Quart Jour. Geol. Soc. London, 18G4, Vol. XXI. p. 13, 
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duerdeni. The association together of species of Siyloccenia and Stylo' 
phora, both being close to Eocene species of Europe, would make the 
probability in favor of the Eocene age of the beds. Therefore the paleoA- 
tologic evidence, though not conclusive, supports the opinion of Duncan 
regarding the age of the beds. Fortunately the stratigraphic position of 
the Richmond beds is clearly made out, independent of the fossils, so in 
this case positive paleontologic proof is not essential for determining 
their position. We studied the locality of Port Maria from which these 
corals came in order to ascertain their stratigraphic position, which beyond 
doubt is that of the typical Richmond beds. 

Etheridge ^ mentions the occurrence of fossil Rudistcs in these beds, 
but suggests in explanation that their presence might be accounted for 
upon the hypothesis that they could be water-rolled survivals of the 
denudation of the lower lying Cretaceous beds. Whether the specimens 
of" Hippurites,*' Radiolites, and Actajonellas noted are indigenous to these 
particular beds or not, we cannot state, not having been so fortunate as 
to find any of the fauna in situ. We question the conclusion, however, 
that they are derived specimens, because similar forms of Rudistes at 
least were found by us in situ in the overlying Cambridge beds, as will 
be shown presently. It is probable, as shown in the Ballard bed of the 
Minho section, that these Rudistean forms appeared in sporadic colonies 
throughout the thickness of the black shales of the Minho and Richmond 
beds, and continued into the Cambridge formation. Whoever undertakes 
the further study of these beds must remcuiber that specimens of free and 
well preserved Rudistes should not be confused with the rolled pebble of 
hard crystalline limestone of the Jerusalem type which should also occur. 

The presence of the supposedly Cretaceous Rudistean genera would 
ordinarily invalidate the data upon which the Eocene ago of the Rich- 
mond beds hitherto depended for establishment, were it not for our 
positive evidence to b^presented that these forms are found in situ in 
overlying beds, associated with undoubted Eocene fossils. The other 
species are all of Eocene facies and point to their Eocene age, which 
conclusion we are able to fix with positiveness by the evidence of the 
overlying Cambridge beds, where a similar mixture is found, whose true 
nature has hitherto escaped observation. 

The Cambridge Formation. 

From a paleontologic standpoint these beds mark one of the most 
iuteresting and valuable horizons in the whole Jamaican sequence, 

^ Jamaican Reports, p. 311. 
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inaamucb a> it contains a distinctive fauna abundant in B|>eciineDG if not 
in species, iucltidiug several species of Cretoceoua fossils which have trans- 
gr«siied iau> the Eocene. The three memhen uf the formation, the Cata- 
dupo, Cbapetlon, «ud Port Antonio respectivelj, are paleoutologicslly 
allied, the onlj difference being that Honie of the characteristic cor^ 
Ruiljstes, aud somo nioUuska of the furuier, du not mage up into Ute 
latt«r. 

TAt Catatiupa Btds. — The outcrops along the Montego Bay Railiray 
on the east slope of Ijreat River Valley, ou the hurdcra of St. James and 
Hauover at Cambridge and Catudupa, are bjr fur the best localities we ' 
have seen for collecting. Wo have twice visited these localities for that— 
purpoM. The nntterial ia very abundant, but moat of the Mollusca ar^ 
poorly prcecrvoi!. It contains tniuy determinable species of Foraminif^ 
era,KchiDi,aDd Mollusca, which have been Bubmitted to various specialists-^. 

The fuunu Hu far as studied is as follows : — 

(1) From railway cuttings nenr Catadupa and Cambridge. Forarai— 
nifera. — Many small granular Foraminifora, occurring in vast uuuibor^K 
iu the shale beds, giving it an oolitic teiture on induratiug. The fol — 
lowing spcdea were determined by B<^ : — 

Miliolina subrotunda, Montague, Catadupa ; M. cicularis, BonteraaOv 
Catadupa ; M. scminultim, Linii^, Cntndupa and Cambridge; M. api., 
Cutadupa ; Teitulnria trtw^hus, d'Orb., C:itiidnfin ; T. barretti, P. and 
J., Catadupa ; T. semiuulum, P. and J., Catadupa ; Haplostiche Boldani, 
P. and J., Catadupa; Fullenia spheeroidea, Cambridge ; Miliolina semi> 
nulum, var. triangularis. 

Coralt. — The following corals were determined by T. W. Vaughan : — 

From near Cambridge Station, St. James Parish : Turbinoseris jamai* 
caensis, Vaugban ; Turbinoaeria cantabrigiensis, Vaughan ; Dendracii 
cantabrigiensis, Vaughnn. 

From Catadupa : Trochosmilia hilli, Vaughan ; MuIticolumnastrtES 
cyathiformis, (Duncan) ; Diploria conferticoatata, Vaughan (^ D. cras- 
aolamelloaa, Duncan, non Edwards and Haime) ; Diploria confertlcos- 
tato, var. columnaria, Vaughan ; Trochoseris catadupensia, Vaughan ; 
Mesomorpha catadupensis, Vaughan. 

Echinodermi. — Scutellina,' Cambridge and Catadupa ; Acrocidaris,' 
Catadupa; Kapinot pneustio,* Great Giver; Diplopodia,* Great River; 
Echinoiampua,* Great River; Ecbinanthua,^ Retrieve. 

1 From mj collection!. 

' From the collections of the Institute of Jamaica. Macropneuites and Pfgo- 
rli}'nchaa have also been collected from this fotmalion at Mountain Spring, St 
Elizabeth, and Maroontown. 
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T. W. Stanton of the United States Geological Survey has kindly 
furnished the following determinations of the MoUusca collected by 
me: — 

(a) From near Catadupa : — Ostrea, sp. ; resembles young of 0. com- 
pressirostra. Carolia jamaicensis, Dall ; this is an Eocene genus. Ca- 
prinula gigantea, Whitf.* 1 ; a fragment. Caprinella occidentalis, Whitf.* ; 
a small specimen. Caprina jamaicensis, Whitf.^ ; several small speci- 
mens. Radiolites rudis, Whitf.*; four specimens (lower valves) that 
seem to belong to this species. Eadiolites adherens, Whitf.^ 1 ; one speci* 
men doubtfully referred here. Eadiolites, sp. ; several fragments of a 
small strongly plicate species that cannot be satisfactorily identified 
with any of those described by Whitfield. Caridum, sp. ; rather large 
form. Natica, sp. ; casts. Nerita, sp. ; a medium sized smooth form. 
Cerithium, sp. ; 1, Cerithium, sp. ; 2, fragmentary cast of very large 
species. Thalassa ? sp. ; a Purpuroid shell resembling this genus, rep- 
resented by a fragment. Cypra3a, sp. 

(2) From the Railway Cuttings at Cambridge. 

The collection from Cambridge is not so large, but it contains enough 
identical species (marked *) to show that the same horizons are repre- 
sented as at Catadupa. 

(6) From near Cambridge : — *Ostrea, sp. Anomia,sp. *Caroliaja- 
maicensis, Dall. Spondylidso (?) genus undetermined ; a peculiar shell 
having the form of an Ostrea and resembling a Chama in sculpture 
and shell structure. *Iladiolites rudis, Whitf. ? a single small speci- 
men. Protocardia, sp. Cardium, sp. Liicina, sp. ; large casts. Kerita, 
sp. Cerithium, sp. ; a very large form resembling one of the huge species 
fh)m the Paris Basin Eocene. 

Several other indeterminate casts of bivalves and gastropods. The 
genus Cassis was also identfied from the Cambridge collection by Dall. 
A fragment of a Nerinsea also occurs. 

Chapelton Beds. — The upper beds at Chapelton are of later and 
alightly deeper water origin than the Catadupa, and mark a stage in 
the great Ek)-01igocene subsidence and a transition between the Cam- 
bridge and Montpelier. They are characterized by the same little 
Alectryonate oyster, large Cerithium and Lucina, which are found 
at Cambridge. Several large Echinoderms occur in this horizon. None 
of the other fossils of the Catadupa beds were noticed by us, while 
a species of Orbitoides (the species referred to 0. mantelli throughout 

^ Forms hitherto supposed to have been peculiar to the Cretaceous beds of 
Jamaica. 

TOL. xzxiv. 
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the Jamaican Keports ') becomes exceedingly abundant, couBtitutiog the 
larger part of both the marls and linicatoues. 

Ill all, this fauna bos three species of mollusks connecting it nith that 
of Catadupa, but a largf number of peculiar fossils characterizing the 
latter are abseut. The moUuscan forms occuiriug in the Cbapelton beds 
lire those which have survived from the Catadupa beiis, just as the 
Eudiatea uf the latter have survived from the lower beds. The difference 
in the prevalent Foramiuifera is oue distinction between the beds, 
Orbit«ides, which have not been found at Catadupa, characterizing the 
Cbapelton beds, while the former contains immense quantities of other 
S)>ecies as enumerated. At Lower Cbapelton the following fossils were 
collected by me : Orbitoidea,' Anomia,' Lucina,' oyster,* gastropod.* 

The same " Yellow Limestone " at Mile Post ITJ, Lucea, and Saranna- 
la-Mar road contains Crustacea,' Lucina,' Cardium,* gastropod,* simple 
Coral,' Corbia. 

The Port Antonio Beds. — At a locality west of Port Antonio we col- 
lected casta of the largo Cerithium and Lucina previously mentioned, 
and a Vulsella, which characterize the Cambridge beds, and also several 
casta of smaller mollusUs. alternating with granular chalks made up of 
Fornminifera, including some similar to those found at Catadupa. liagg 
reports tiie following species of Foraminifera from this locality : Globi- 
gerina dutertrei, d'Orb. ; Glohigerina bulloides, d'Orh. ; Milolina re- 
minulum, Linn^ ; Amphistegina lessonii, d'Orb. (A. hauerii, d'Orb.) ; 
Orbitoidea fortieaii, d'Arch. ; 0. papyracea j 0. complanata ; Orbulina 
univeraa ; Nodosaria ; Yaginulina ; Xummulites, sp. ; Heterostegina ; 
Discorbina. 

The material in which these fossils occur at this locality from its lack 
of color would ordinarily be classed as a white limestone ; the beds 
represent a gradation of one of the formations into the other. The 
fauna Ja that of the Cambridge beds (Cbapelton and Catadupa), and 
indicates that either the lithologic nature of the latter has changed from 
a miied to a pure oceanic character iii this portion of the island, or there 
is ft faunal continuity between it and the baae of the Montpelier. 

In addition to the forms of the Cambridge beds above mentioned, 
Etheridge • has noted that " A portion only of a Nautilus has been 
found in the Yellow Limestone of Spring Mount, St. James " Pariah in 

1 Aa determined bj T. Rupert Jone*. See Jamaican Reporti, p. S13, and GeoL 
Magnzine, London, 1800, pp. 102. 103. 
) Found at Catadupa and Cambridge. 
* Ko. SI of Inilitute colleclioo. * Jamaican Report*, p. 828. 
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the same valley as Catadupa aud Cambridge. Tfts is the only Cepha- 
iopod as yet found in Jamaica, aud is probably the same form which has 
been referred to as Aturta zigzag. If its position and determination 
could be verified, it would prove another valuable testimonial to the 
Eocene age of the beds, as this form is characteristic of the late Eocene 
of the United States. De la Beche^ has noted the occurrence of a 
Nautilus, probably the same as that previously mentioned from Cuba, 
a Terrebratula, and Nummulinso in association with other species near 
Halse Hall House, Clarendon. No other specimens of fossil Cephalo- 
poda have been found in Jamaica. 

Of the fossil Mammalia, only a single fossil trace has been discovered 
in Jamaica, Prorastomus sirenoides Owen,^ a species of Sirenia related 
fco the Manatees of to-day. This specimen was reported from Freeman's 
Hall Estate in the southeastern comer of Trelawney near the centre of 
the island. The locality from which this specimen came is a typical 
outcrop of the Cambridge beds as described by Brown,' and Owen's 
description of the material in which the specimen was embedded con- 
rorrns also to the lithologio character of that formation. While no final 
opinion can be expressed without seeing the specimen and locality, 
the evidence certainly points to the early Eocene age of this animal.'* 
Being a marine animal, its occurrence in the rocks of Jamaica is of 
no significance in tracing previous relationships of Jamaica to other 
islands. 

This fauna of the Cambridge formation is remarkable in several ways. 
First, for the peculiar mixture it affords at Catadupa of Eocene and 
Cretaceous genera; and secondly, from its collective dissimilarity to 
any other known fauna, especially to those of the American continental 
littoral formations. When a small collection from Cambridge was 
collected by us in 1896 and submitted to a Tertiary paleontologist of 
note, it was rejected by him on the ground that it was not of Tertiary 
age, but Cretaceous, and this too before true Rudistes had been recog- 
nized in it. Recognizing its absolute dissimilarity to any known Ameri- 
can Cretaceous fauna, we revisited the region in 1897, and discovered 

1 Nautilus Cubensis, Lea. Trans. Am. Phil. Soc, 1841, Vol. VII. p. 269. 

* Quart Jour. Geol. Soc, 1866, Vol. XI. pp. 641, 643. 

S Jamaican Reports, p. 224. 

^ Marine deposits of the Cretaceous and early Eocene periods are recognized all 
over the world, but not a trace of the Cetacea and Sirenia have been found in 
them. So far as known, these types appear fully evolved at the top of tho Eoceoa 
— Nat. Science, October, 1897, page 223. 
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the more extensive Aposure a.t Catadupn where the Rudiates oociirred 
in greaC abundauce. From this last coilectiou D:iU identified Ilia 
Carolift, hitherto known only in the lowest Eocene of Egypt. 

None of the species of the Catubridge beds excepting the Rudistea, 
the gigantio Ceritliiiim (1), an oyster, and a Liicina, have been reported 
before from Jamaica. The eight speoiea of ci>ru!s identified by Ynughan 
are entirely distinct from ttia species hitherto reported from the Rich- 
mond beds at Port Maria by Duncan ; the Spondylidaj {!), Nerita, 
Carolia, and Cyprffia are forma which apparently were n6t found by the 
geologists of tho British Survey. Not a single one of the species (de- 
scribed or undoBcribed) , is like any of the North or Central American 
forms, unless it ia the araall Alectryotiate oyster and the Cardit.i. Some 
of tlie corals have European analogues if not GpeciSa identity ; the gigan- 
tic Carithinm-like casts are somewhat similar to forms in the Paria 
Rasin, while tlie Carolia, as before Stated, is a genus hitherto reported 
from Egypt. 

The Orbiloides of the Chapelton beds, which is a comparatively large 
species from live millimeters to a centimeter in diameter, occurs in vast 
numhera in tbe impure httoral sediments. So abundant arc these 
forms in the parishes of St Mary, Clareudiin, and elsewhere, that the 
formation could well be termed the " Nodular Orbitoidal Limestone," 
OS it waa originally designated by Barrett,' were paleontologic names 
still in vogue. Jones was the first to note the occurrence of Orbi- 
toides in the nodular limestone * (our Cambridge beds), No. 4 of Bar- 
rett's (Woodward's) section,* previously specifically reported only in the 
Hippurites limestone hy Woodward and Barrett. He remarked that 
" In the Western Hemiaphere Orbitoides and Nummulins are very rare 
above the Eocene group," and that it may he remarked aa a point of 
interest that the Nummulites and Orbitoidea of Jamaica are auch as 
are found in South Europe and India. From these nodular Orbitoidal 
limestones Jonea reported Orbitoides and three or four NuramuhnBe. 
Concerning tljese he said:* "In the Nodular Orbitoidal Limestone 
of Jamaica [Cambridge bods, R. T. H.J at the base of the White Lime- 
stone, ... I find a few rather small specimena of the same variety of 
1 As publillied b; T. Rupert Jones. In the text Jones italei tlist he " understood 
Mr. Barrett to have informeii liim lliit the Orbiloides occurred in nodules In clsy 
just umiernestli the great White LinieiEoiies." Quart Jour. Geol. Soo. London, 
1863, Vol. XIX. pp. 514, 516. 
> Quart. Jour. Geol. Soc. London. 1863, Vol. XIX , p. 615. 

Geologiii, London, 1862, Vol. V. p. .573. 

Geological Magaiine, London, 1864, Vol. I. p. 101. 
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0. mantelH as that so abundant in the Antiguan flint.*' He also states ^ 
that ** the Orbitoides are similar to those found fossil in the Upper 
Chalk of Southern France and the Pyrenees, and in the Nummulites 
beds of Scinde." 

The corals identified by Yaughan are species not hitherto found in 
Jamaica, and constitute a valuable addition to its fauna, inasmuch as 
they fix the Eocene position of these beds beyond doubt. He submits 
the following notes. 

" The Cambridge beds can be referred to the Eocene (or possibly Oli- 
gocene) on the strength of their containing abundant specimens of 
J}endraets, This genus is not known from rocks older than Eocene or 
younger than Oligocene. Both specimens and species are abundant in 
Southern Europe and Northern Africa in strata of these ages. 

**The Catadupa beds also appear to be Eocene on the evidence of 
the Trochosmilia, which has a near European relative in T, acutimargo, 
Heuss. The Diploria also has a European analogue. Trockoseris is a 
doubtfully Cretaceous genus ; it occurs in the Eocene, and there is a 
recent species. 

" The faunas from the Richmond, Cambridge, and Catadupa beds seem 
quite different from the St. Bartholomew fauna, described by Duncan. 
Apparently they possess only one species in common, viz. the Stylth 
ectnia, identified by Duncan as emarciata. The stratigraphic affinities 
of the Jamaican species for European species are the same as those of 
the St. Bartholomew corals, and I believe more extensive study and 
collecting will show considerable resemblance, — especially after a re- 
vision of Duncan's types from St. Bartholomew." 

Concerning the eight species found by Vaughan, he says that "there 
is not a strictly Cretaceous form in the collection from Catadupa and 
Cambridge, ... so the corals have afforded no evidence tending to prove 
the Cretaceous age of these beds, but it all, so far as it is definite, points 
to an Eocene age." They too occurred in muddy waters, but more 
calcareous than those of the Eichmond epoch, and are accompanied by a 
large molluscan fauna. 

The two or three genera and species of Echinodermata submitted to 
Agassiz were reported by him to be Tertiary forms. 

The mollusca of the Cambridge beds, while few in species, as a rule 
are sufficiently abundant and well preserved to present a distinct faunal 
aspect. Fortunately these have escaped the non-resident species makers, 
who have thrown all other Post-Cretaceous Jamaican fossils into the 

1 Quart Jour. GeoL Soc. London, 1863, Vol. XIX. p. 514. 
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Miooene, and we are enabled to present it for the first time with appro- 
priata BtratigrapliJo data. 

In addition to tbe Hudiatps of Catadupa already deacril^d, this fauua 
fitrujshes mauy new species of Mollusca, all of which are apparently 
quite distinct from those of the Eocene beds of the North Americau 
Coastal Plain. More of the forms, as Cerithium aud Liicina and Car- 
dium, are very large and robust. Of the genei-a, oue at least is new, and 
still uunamed ; aaotlier, Carolia, has not hitherto been found in America 
The Catadupa beds also afford specimens of the gastropod genera Conns, 
Cypi-ica, and Thalassa, which have not been found below the Tertiary. 
There are many indet«miinate casts of gasteropods in the Catadupa beds 
which have a striking resemblance to those of the Cretaceous beds of 
Jerusalem Uountaia. 

De la Becbe has frequently noted the occurrence at many localities of 
the fossils whiuh we now know to belong to the Cambridge beds in the 
base of his " White Limestone Series," such ns the association of Ostrea, 
Echini, and two large species of Cerithium. lu fact, the entire list of 
species given by him on page 170 of his work most probably came from 
the Cambridge beds. He figures oue of the large species of Cerithium,' 
and states that at one time he "considered that it might have been a 
cast of a shell analogous to 0. gigaiUeum ; the latter is, however, a much 
taller shell than the one under consideration, which in general nullino 
resembles more the C. cornucopia of Sowerby." ' It is an interesting 
fact that this fossil also occurs in the Virgin Islands and St. Bartholomew 
as noted by Cleve. 

According to notes kindly furnished us by Stanton, " the evidence aa 
to the age of the molluscan fossils from these two localities is conflicting 
The forms described by Whitfield under the names Caprinula, Caprinella, 
Caprina, and Radiolites, are all Cretaceous types, and the genera to which 
they belong are not known to occur elsewhere in more recent formations. 
On the other hand, all the other fossils that are well enough preserved 
to be recognizable, have a more modern aspect, none of them being char- 
acteristio of the Cretaceous. The genus Carolia occurs elsewhere only 
in the lowest Eocene of Egypt. The large species of Cerithium are of 
Eocene types, and the same may be said of the Cypr^ca and several other 
forms. At any rate, similar species are not known from beds as early as 
the Cretaceous. If the Eudistes and Charaidae were absent, there would 
be nothing to suggest a Pre- Tertiary ago for the beds. 

The presence of Rndistcs, supposedly Cretaceous genera, in this other- 
1 Op. ciL, Plate 21. ' Op. eit., pp. 170, 171. 
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leise Eocene fauna, is a perplexing feature difficult of explanation. The 
cccurreuce of Rudistes and Actseonella in the supposedly Eichmond 
^cene beds of Jamaica, as recorded by the writers of the Jamaican Re- 
ports, has already been noted. Their unsubstantiated hypothesis that 
these might be rolled survivals of the lower beds naturally originates 
the inquiry if the Rudistes of the Catadupa beds may not be of similar 
occurrence. The writer can find no foundation for such an hypothesis 
in case of the Rudistes in the Catadupa beds. Many of the specimens 
collected were independent or unattached, resembling in appearance the 
free forms found in the higher occasional horizons of the Minho beds. 
The single specimens show no signs of having undergone attrition by 
rolling. The delicate lamellas and corrugations, such as would be 
broken by the least possible attrition, are all preserved, as well as the 
soft chitinous structure of some of the species like Caprina jamaicensis, 
Whitfield. In fact, these forms show no evidence whatever of having 
undergone such treatment, and are much better preserved than any 
found in the Jerusalem beds of undoubted Cretaceous origin. In ad- 
dition to the loose or free specimens, there was a solid stratum two 
feet in thickness made up of an agglomerate of these shells as thick as 
coral heads in reef rock, and absolutely in situ. Furthermore, it is 
difficult to see how such forms, if rolled, could have been sorted out 
and thus segregated without being accompanied by some of the hard 
enduring igneous pebble of the conglomerate beds of the Minho and 
Richmond formatipns, with and below which the lower Rudistes horizons 
are interbedded. 

Elsewhere the lithologic resemblance of the supposedly undoubted 
Cretaceous beds to the Yellow Limestone has been noted by the Jamaican 
geologists,^ and other fossils collected by us from the Minho River sec- 
tion are lithologically and specifically identical in every appearance with 
those of the Cambridge beds, including two of the typical Cambridge 
corals, also occur in the Rudistcan Cretaceous beds of Logic Green and 
Trout Hall. 

Another fact which reinforces the supposition that the mixture of 
these Cretaceous and Tertiary forms is natural is that the Jamaican 
geologists originally described the rocks of the typical Cambridge beds 
as " the Cretaceous or Hippurite limestone." * In fact, we discovered 
the Catadupa beds while making a vigorous search for the alleged Cre- 
taceous beds which Lad been described as occurring between Chesterfield 

1 Jamaican Reports, p. 233. 

2 Ibid., pp. 246, 246. 
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and Rotroftt, and tlie Cutadupa and Cambridye outcropB were tlie otilr 
I'uHsiliferous bods fuund. 

The atatemeut of Bftirett,' that Orbitoides "are CretaceouB foaHils in 
iTnmaiaa," mu}- posaibly havo beeu based upon a knowledge of the aaao- 
ciatiou of those forms vith the Crotacoous Eiidtatea. 

Ill view of the facta preaented, tho writer fioda it utterly inipoasible to 
accept the "rolled" hj-jKJtheaiB, aud ho cau see no way of avoiding tlie 
jiosiLive conoluaion that the Kudlstcaa forma iu the Cambridge beds rep- 
resent a survival uf Cretaceous tyjies into the Lower Eocene. Such au 
occTirrcuce would in no niauuer be more ftnoroalous than many other 
fuctu connected with the peculiar insular fauuos of late Cretaceous 
atid early Tertiary time in Jamaica, mentioned in this lieport. Evtu 
though tho Rudistes should prove to be anrvivula, thia Eoeene fauna of 
Catudupn aa a whole ahowa auoonalies comparable to those exhibited by 
tlio Jerusalem beila, which niark it aa peculiar. As a fauna, nothing 
exactly analogoua to it is known elsewhere. 

In view of the apparent mixture of Cretaceoua and Ekiccne forms, 
question might arise cuncemiug the position of these beds in the geo- 
logical column. Inaaniuch na all the other genera arc Eocene, it is our 
opiuion that it will be best to cunaidur the beda of that age and to assume 
that tho Rudistean genera have trauBgreased into the Eocene. 

Tho fact that these beds are atratigraphioally above the Richmond 
beda is another oonsideratioQ which leads us to the Eocene oonclusion. 
Inasmuch aa the two species of coral from the latter (mentioned on page 
126) attest the Eooene affinities of the latter beds, the discovery of the 
Cambridge formation gives a certainty to the exiatence of an Eocene 
syBtem in Jamaica, aggregating at least 1,600 feet in thickness, which, 
in connection with the Moutpelier beds to be described farther on, of 
supposed Vickaburgian facies, shows the £o-Tertiary beda of the island 
to be far more extensive than hitherto supposed. The paleontologic 
peculiarities of the Richmond and Cambridge formations, analogous to 
those of the preceding Cretaceous beds, are Buch as can only be ac- 
counted for by geographic environment, and point to the early insularity 
of the island through Eocene time. 

The relations of this fauna to other regions of the world ia anomalous 
Its affinities in some respects aeem more analogous to those of the soutli- 
em portions of Europe than to those of the United States, but we do not 
dare at present to make poaitive conclusions except to agree with Moore 

' Jamaican Reports, p. 76. 
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that ^ the fauna of the West Indian seas in those remote times appears 
to have been as remote from that of the shores of the United States as 
it has lately been shown by Mr. Bland to be at the present day." ^ 

Fossils of the Montpslier White Limestone. 

As a rule, the Tertiary White Limestones which succeed the Cambridge 
)eds^ although almost entirely of organic origin, are singularly free from 
nacroscopio fossils, especially the lower half of the Series. There is 
i current impression that the white limestones, as a whole, are richly 
bssiliferous, owing to the fact that many shells from the Bowden horizon 
lave been described as coming from the " White Limestones of Jamaica/* 
mty as we have shown, the Bowden beds are not White Limestones, but 
^Tels and argillaceous marls. Do la Beche notes many shells from the 
vThite Limestones, but all came either from the underlying Cambridge 
leda or the overlying Post-Tertiary White Limestones of the Coastal 
Series which we have separated from the true Tertiary White Lime- 
tones. 

Minute search for such fossils in hundreds of exposures has generally 
teen without success. Except the beds at Port Antonio, which are of 
]Sambridge affinities, the Moncague beds and a few places in the Bog 
¥alk section, the great mass of the White Limestones are barren of such 
emains so far as we have observed them. This noteworthy absence 
day in some instances be due to secondary alteration of the rocks, but, 
a general, it is owing to the fact that the material originated at depths 
eyond that in which the abundant littoral molluscan life occurred. 
Notwithstanding the absence of macroscopic remains, the Montpelier 
eds, which compose the lower 500 feet of the White Limestones, are 
Imost entirely made up of foraminiferal remains, — Orbitoidcs, Num- 
mlinsB, and Miliolidse at the base, grading up into Globigorinal deposits, 
liese beds are very free from remains of shallow water corals, — a fact 
hich further supports the theory that they were deposited at great 
epths beyond that at which these organisms could flourish. The great 
ibsidence of this epoch undoubtedly must have extinguished most of 
le dense molluscan life, which does not appear again until the Bowden 
[>och. 

Radiolaria are rare in the Jamaican rocks, our specimens from the 
iontpelier beds usually showing only a few traces of them, — certainly 

^ T. C. Moore, Quart Jour. Geol. Soc Loudon, YoL IX. p. 131. 
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no well d<>6iied fonoH, — although a minute Era^rment or tvo in some of 
the collections are yery much like Kadlol&rian teats. Nowhere on the 
isluQii have nxiks been found made up oeorty entirely of these forms 
such aa occur in Barbados, Haiti, and near Boracoa, Eastern Cuba. 
W. B. Hill baa staled ' (hat " one or two RadioIariaoB can be seen in 
outline in a rock in which Globigerinro are conspicuously abundant," 
from Hanover Parish, — where the Montpelior beds occur. 

The lower White Limestones of the Oceanic Series ore composed of 
chalk making Foraminiferft, deposited in deeper waters than the preced- 
ing beds, and of these there are several distinct horizons each composed 
of a different character or association of Foraminifera. 

Globigerime appear in great number, composing the chalky strata of 
the Montpelier beds on the north const near St. Margaret's, the hitl at 
Montpelier hotel, and the rocks underlying the tiorthera side of the 
plain hock of Savanna-la- Mar, Westmoreland. 

W. B. Hill* has also described a specimen of white limestone from 
Hanover County, which he asserts is an "oceanic deposit,'' in which 
" tiiick-flhelled Globii,'orina) similar to those of the Barbadian rocks" 
are rery abundant. Jukes-Browne and Harrison ' have said that Colonel 
Fieldea, who sent this specimen from Hanover, reported that flints were 
abundant in the formation. I do not hesitate from our acquaintance 
with this region to state that this specimen is from the Montpelier 
formation. 

Orbitoides and Nuramulinaj, which have already been noted as occur- 
ring in the Cambridge beds, continue into the Uontpelier, as Bagg's 
studies of our specimens show, and from the specimens described by 
T. Rupert Jones the stratigraphic position of which we have been able 
to identify, thanks to his having given localities of material studied by 
him from Jamaica. 

Bagg reports the following Foraminifera in our colleetioD, from the 
Montpelier Formation. 

Flints from Montpelier Hill (No. 75) : — Orbitoides diapanaus, Sower- 
by ; abuudaut. Eocene. Orbitoides mantelli, Morton, rare ; uppermost 
Eocene and lowest Oligocene. Orbitoides papyracea, Boub^, Eocene. 
Nummulites, probably. 

These fliuts are Eocene. 

Bluff at Dover: — Orbitoides mantelli, Morton. Orbiculina adunca, 
Fichtel and MolL Amphistegina sp. 

1 Qusrt. Jnor. Geol. Soc. LoDdoD, 1892, Vol. XLVm. p. 180. 
* Ibid., p. 280. » Ibid., p. 219. 
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Mile Post 74, Falmouth road : — Orbitoides and Nummulites. 
Highgate, St. Mary Parish: — Orbitoides dispansus; Orbitoides sp. ; 
^extularia; Pulvinulina; Nummulites. 

Port Antonio, Slide No. 13 : — Globigerina dutertrei, d'Orb. ; Globige- 
Tina bulloides, d'Orb. ; Miliolina sendnulum (Linn^), also Catadupa ; 
Nummulites ; Amphistegina lessonii, d'Orb. (A. hauerii, d*Orb.) ; Orbi- 
toides fortissii, d'Arch. ; Nodosaria; Vaginulina; Orbitoides papyracea, 
(Boubee) ; Discorbiua. 

This bed is Eocene. 

Port Antonio, Slide No. 23 : — Nummulites sp. ; Orbulina universa, 
d'Orb. ; Globigerina bulloides, d*Orb. ; Heterostegina sp. ; Orbitolites 
complanata, Lam. 

This bed is Eocene. 

13. Port Antonio: — Nummulites; Amphistegina lessonii, d'Orb. ; 
Orbitoides fortissii, d'Orb. ; Orbitoides papyi-acea, (Boubee) ; Nodosaria ; 
Vaginulina. 

This is Eocene. 

Buff Bay " near Tunnel." (Montpelier Formation at base of Section.) 
— This limestone contains an abundance of Globigerinidae, also many 
NodosarisD. 

Globigerina : — Truncatulina wuellerstorfi, Schwager ; Eocene to 
recent. Nodosaria raphanistrum, Liun^ ; Cretaceous to Tertiary. 
Nodosaria pauperata, Cretaceous to Tertiary ; recent. Nodosaria (D) 
aciculata, d'Orb. Nodosaria farcimen, (Soldani) ; Permian to recent. 

We suspect this to be a Tertiary limestone, since Truncatulina wueller- 
storfi begins with Eocene beds. The Globigerinidae and Nodosariae 
prove nothing here, as their range is so great. 

In addition to the localities given, the following have been observed 
from our own collections. 

Port Antonio (Collection No. 13), a foraminiferal marl made up of 
NummulinsB and Orbitoides, with one Rotalia-like form. 

Flint beds of Dover (Collection No. 36) : — (1) Section of flint. 
Mostly opalescent amorphous groundmass, — a few spicules and one 
Rotalia-like form. (2) Chalk : Globigerinae mostly, with several species 
of Orbitoides. (3) Another chalk, mostly Rotalia-like forms. 

Belmont, St. Elizabeth, clear crystalline calcito, in which are outlined 
many Foraminifera, Orbitoides being the predominating form. 

One mile south of Port Antonio, in upper part of Richmond beds 
grading into Cambridge. Nummulinae 1 and Orbitoides. 

Flints at foot of Montpelier Hill : — These are incrusted with silicified 
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I tests of Orbitoides, AWeolioal, aud MLlJolidie, nbile the iuterior mass of 

I DUO fiiut clearly sbuns the HiliciQed outliueB of these remuiua. 

I CouoeraiBg tbeao sjjeciea Bagg cotumeuta as folio vrs : — 

[ "The limestonea and flints with Dumeroos OrbitoiJed must belong to the 

Eocene period, because thie genus OrbiCoiilea though ipartnglj found in Upper 
Crctawoiu beds did not liecomc prominent until Eocene time, tuid, further- 
moiv, it did not survive the Miocene age and only a few occur in ihc Miocene- 
Its geologic rangu is as Uuiited as almost auj other cisgle genua in the 
Fornminifeni group. 

"The tpecies of Orbitoides coUed dupaTuut, Sowerby, is easily recognized 
l>y its internal structure and ita e.itemal manimillated eurface. Tbj.i species 
is one of the esaeutial constituents of the Eocene rocks of Scinde and aUo 
occurs in the Eocene of SoutliKm Germany and Italy. 

"Nammulites is another genus almost equally important, being limited in 
ranjte to the Tertinry period aud rarely found nov. We have lately dis- 
covered this genus in the Eocene beds of Viekabnrg, MisaibsippL 

" Tha Qlobigerina limustonea of wbich 4ib is a good example, are fine 
I illustrations of a rock composed almost entirely of these micruacopio Oi^ganiEius. 

It is, however, impoiaiblo to state with oerlainty ita age upon this occurrence. 
Since dobigtrijia erelacea seems to be absent from these liineatonei we pre- 
sume the rock is to be placed in the Tertiaiy period-" 

' Nummulinffi, so cbnract«ristio of the Eoceoe of Europe and North 

Afrii'a. but miBsiiig in the Eocene of the Uiiit.vl Stnlcs. escept iu the 
Vickaburg formation of Florida and Mississippi, vhere they have 
recently been identified bj Bagg, have been noted in Jamaica, first by 
Da la Beehe, next by Woodward, and moro fully identified by T. 
Rupert Jones,* auppoaedly from the Orbitoidol beds, in association with 
Orbitoides, and also in the flint bearing beds of the Montpelier forma- 
tion, which erroneously, as in the case of Orbitoides, owing to the 
■tratigrapbio misconception, were referred by Jones' and Guppy to the 
Miocene, Operculiate are also reported by Jones in the flint of Preston, 
St. Mary, and Brimmer Hill, associated with Nummulinte, characteristic 
localities of the Montpelier beds. 

In two papers, Prof. Jones* describes the material and gives the 
localities of certain specimens sent from Jamaica in a manner that, after 
our personal studies of the island, we found no difficulty in recogniEing 

' See papers of these authors previously died. 
* Geol. Magazine, London, 1864, Vol. I. pp. 102, IM. 

> The Iteiationahlp of Certain West Indies and Maltan Strata.etc, by T. Rupert 
Jonei. The GeologUt, Janoary, 18C4, Vol. VU. No. 73, pp. 104, 105. 
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their true stratigraphio position in the general section. This material 
and its occurrence as given by him is as follows : -» 

1. In a piece of gray flint from the base of the White Limestone at 
St. Thomas, Jamaica. Numerous Orbitoides, mostly 0. manteUi, though 
some may be 0, dispansus, 

2. Orbitoidal limestone, Hopewell, Metcalf. Flint with Orbitoides 
and Nummulinee, Orange Eiver, Metcalf. 

3. Limestone with Operculinee and Nummulinse, and the same silici- 
fied, Brimmer Hill, St. Mary. 

4. Flint with OperculinsB and NummulinsB, Preston, St. Mary. 

5. Orbitoidal limestone, Carron Hall, St. Mary. 

6. Alveolina limestone. Crofts, Clarendon. 

7. Orbitulina rock, Vere. 

8. A specimen of hard yellowish limestone at Clarendon, largely 
composed of the Heterosteginae, and further noted in this Part under 
the head of Bowden beds. 

Of the above list Nos. 1, 2, 3, and 4 are undoubtedly from the flint 
and chalk beds of the Montpelier formation ; No. 5 is probably from 
the Cambridge beds ; No. 6 from the Moneague ; No. 7 comes most 
probably from the Cobre limestone overlying the Bowden beds. 

From these collections, 1 to 5 inclusive, he identified 0. mantellt, 
mixed with numerous forms referred to 0. dtspansus and 0, fortUsti, 
associated with Nummulince. Jones also says^ that the ^^ Orbitoides 
manteUi of Morton, of stronger growth than the variety found in 
Jamaica, Antigua, and Malta, characterizes some of the Tertiary beds 
of Alabama, Nummulites being absent, it is supposed." * 

To this statement we might add that 0. mantelli is especially 
characteristic of the Vicksburg horizon of the Upper Eocene (now 
lower Oligocene of Dall) of the Southern United States, and has been 
identified from this liorizon by Dall from our collection from the beds 
of this age in Costa Rica. According to Bagg, 0. fortissti, " a typical 
Eocene form," also occurs in Panama lower down in the Eocene. 

Jones, accepting the current stratigraphio conceptions, was misled 
into the serious error of concluding that these forms, notwithstanding 
their world-wide habitat, were Miocene in Jamaica. This opinion was 
largely due to the publications of J. Lechemere Guppy. 

Fossils of the Monengne Beds. — The limestones of the Moneague 
beds abound in moulds of Mollusca. Fossils of this character from 

1 Loc. c{t.f p. 105. 

* Since discovered by Bagg. Letter to author. 
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Retreat conBist of single pieces of & delicate brouchiDg, indeterminate 
cortil, u CoDus, resembling C. lolidulura Cuppy,' a Tellina, asd large 
Tubula casta of a Teredo 1 

The only fossils from these beds which I have been able to bare 
identil^ed arc the Foraminifera, of wliich Bu^ has recognized the fol- 
lowing epeoies from Ciunamou Hill : Orbitoidet diipansus, Sowerby ; 
Orbitoidel sp. undetermined ; OpercuUna complanata, Defr. 

Of these species Bagg says that the first is £<,icene, and the third 
raroPin the Cretaceous and abundant in the Eoccae. Tie remarks that 
lirady has said that tbo " Miocene " of Jamaica contains the latter 
form. Inasmuch as we have shown that the "Miocene of Jamaica" 
of previous writers meant anything fi'om Eocene to recent, this de- 
termination is of no value, Bagg adds that " This bed is Eocene." 

Careful collecting should bo made from these beds, although the 
material is of such a poor character that paleontologists to whom it 
has been shown consider it too poor for determination. The fossila 
and the material in which they occur are of comparatively deep water 
character, — more shallow than the Iklontpelier, but deeper than the 
Bowdeu. 

The position of these beds below the Bowden clearly indicates that 
they antedate the latter in age, and for the present we can only say that 
their affinities are with the Montpelier beds of Eocene age. 

The conditions of subsidence which made the deposition of the Mont- 
pelier and Brownstown white limestones possible were undoubtedly 
sufficiently great to drown the pre-existing littoral faunas of Jamaica; 
and this epoch ended the old insular life conditions of the earlier epochs 
and separated it from that of the later and succeeding epochs, which 
assumed a more cosmopolitan character. 

The foasils of this horizon practically embrace all the forma which 
hitherto have been described by the English paleontologists, from the 
"White Limestone," the "Yellow Limestone," the "Upper Miocene," 
" Lower Miocene," " Miocene," and ilowden Beds, by Moore, Etheridge, 
Duncan, Guppy, and perhaps others, and referred to the Miocene, Upper 
Miocene, and Lower Miocene age by those writers, and finally placed in 
the Upper Oligocene by Dall. 

In r&um6 we can now say that the hemera of the Orbitoidal fauna of 

Jamaica is as follows : Orbitoides have been reported in the Hippurites 

liraestcDe of the parish of St. Thomas by Barrett, Woodward, Jones, and 

Etheridge, and we have shown their occurrence in abundance in the 

1 Quart. Jour, Geol. Soc., Vol. XXII.. PI. XVI. Fig. 1, 1886. 
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Cambridge, Moutpellcr, and Moneague Eocene formations. They are 
miBaing in all subsequent strata. 

It is also uow apparent that Dall's recent etatement,* based upon 
Guppy'a material from alleged Miocene beds (Oligocene), to the effect 
that " Orbitoidet manleUi has not been found in the West Indian Bpecies," 
ia incorrect, and we must accept the occurrence of this species as iden- 
ti6ed by those eminent aiitborities, T, Rupert Jones * and R. M. Bagg. 

Concerning the other Foraminifera of the Cretaceous and Eocene strata 
it oan be said that Alveolina is a genus which elseivhere " begins in the 
Cenomanian, continues in extraordinary profusion, and becomeB a most 
important rock builder in the Eocene * of the Paris Basin, Libj-an Desert, 
and Greece, is also reported by Joues in " Alveolina limestone " from 
Crofts in the northeast comer of Clarendon, -— a locality of the White 
Limestone which we Lave not had the opportunity of visiting. 

Tba Orbitoides, I^iimmallnie, Alveolina, Operculina, and Globigoriua 
are Foraminifera which have been found only in the Blue Mountaina, 
Montpelier, and Cambridge beds of the Cambridge section. These 
genera, with the exception of Globigerina, which ranges extenHtvelj 
through geologic time, from the early Mesosoio to ibe present, have 
their typical and highest development elsewhere in the Vickeburg stage 
of the Eocene Tertiary. In accordance with Dall'a usage, the Vieks- 
bnrg beds, to which the Montpelier bods are undoubtedly equivalent, 
are now considered the base of the Oligocene. When we consider the 
stratigraphic evidence concerning the containing formations, there is no 
reason to believe that their occurrence in Jamaica is later than in this 
epoch. 

The Mid-Tertiary Antillean revolution, with its mountain making, 
eipanston of land areas, and rearrangement of barriers and encloBures, 
which closely followed after the Montpelier aubaidence, seriously effected 
the conditions of life and produced changes of environment affecting 
the molluBcan and other faunas of the whole Tropical American region. 
After this revolution, the littoral moUusca, as it next appears in the 
Bowden formation, presents new and distinct facies, characterized by the 
appearance in Jamaican watera of species which also occur on the con- 
tinental borders, many of which are still living, This fauna constitutea 
the chief bench mark in the whole system of Jamaican Neo-Tertiaries, 
just as the Cambridge does for the Eo-Tertiaries. 

1 Proc. U R. Nat. Mas., 1896, p. 329. 

« The Geologist. I,ondon, 18W, Vol. VII. pp. 103-105. 

■ EMtmaa'i " Text Book of PaleoDtologr," by Karl A. von Zittell, London, 1898, 
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Fauna of the Bowden Beds, — The Bowden coral fauna was published 
by Duncan. What is apparently the Bowden moUuscan fauna was studied 
by Carrick Moore,* and later by Guppy.* Etheridge • has also written 
extensively on the fauna. Most of the English writers except Duncan, 
in discussing the Miocene fossils, have given no specific localities nor 
any stratigraphic detaib concerning their occurrence. Duncan gives 
Bowden, Yere, and the district of Vere, Clarendon Parish, as the locali- 
ties of his species of Miocene corals. 

Some of these early writers give references which indicate that the 
original source of their material was a collection of fossils brought over by 
Barrett in 1862/ and deposited in the British Museum. Guppy has also 
described many species collected by Vendryes, who still lives at Kingston. 
Moore stated * that they came from " some beds which were referred to 
in the Geologist for 1862, page 373." Upon consulting the volume and 
article quoted, which is Barrett's original article • on the Cretaceous rocks 
of Southeastern Jamaica, no reference to these beds was found. In the 
Jamaican Reports, however,'^ Barrett notes that in the gravel at Bowden 
" are beds of the most perfect Tertiary shells yet known on the island, a 
list and description of which will be found in the Appendix, after critical 
examination." This brief note is the only clue to the locality of the 
numerous molluscan fossils usually discussed by most of the British 
paleontologists from ** The Miocene " and ** White Limestone " of 
Jamaica. 

From Barrett's short description, given on previous pages, it will be 
seen that ho clearly recognized the conglomeritio nature of the beds at 
Bowden, and nowhere speaks of the fossils as occurring in the " White 
Limestone," or " Yellow Limestone," as they were later made to appear 
by others. His death prevented his further elucidation of these beds, 
but the above citations undoubtedly give the locality of the Tertiary 
fossils collected by him and sent to England, to which Moore, Guppy, 
Woodward, and Etheridge have alluded, and which is the same as that 
from which Simpson and Henderson (in 1893-94) and the writer (in 
1896) made the abundant collections mentioned in this paper. 

1 Quart. Jour. Geol. Soc. LoYidon. 1863, Vol. XIX. pp. 510-513. 
^ In many papers previously cited, 

* Jamaican Keports, pp. 319-338. 

* See Quart. Jour. Gcol. Soc. London, 1866, Vol. XXII. p. 281. 

* Ibid., 1863, Vol. XVI. p. 610. 
« Ibid., 1860, Vol. XVL p. 381. 
^ Op. cit, pp. 44, 45. 

VOL. zxxrv. 10 
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It IB not neceaaary to repent the details, elsewhere stated in this re- 
port, of hov the original gravet beds of Barrett at Bowdeu becaoie the 
" Yellow Limestones " of Etheridge and Duncan and Wall through their 
mi scon-elation by the latter with the entirely different " Yellow Lime- 
atones " of Browu in the western part of the island, which we have de- 
8crii:ed as the Cambridge beds and " White LimeBtones " of some other 
writers. By easy stages this error grew into a great chain of mieintcr- 
protations, Through Etheridge, Barrett's conglomerates became " an 
outcrop at the base of the White Limestone " ; ' next the " Miocene " 
and the " Yellow Limestone," ' as contradistinguished from the " White 
Limestone," then the "Miocene Linaestone" of Woodward,* and finally 
the Wliite Limestone, in genenil, of the whole Antilleau region. It was 
in this manner, through literary imitations, that the reaCrictod molluscaii 
fauna of a single bed of Jamaican gravel became the fauua of the White 
Limestones. 

Guppy * refers back to the articles above cited, and also to tlie paper 
of Duncan and Wall,' in which, as we have previously shown, the rela- 
tions of the beds are erroneously given, and wrongly states that " the 
formation from which the Mollusca to be described consists of shales, 
sands, and marls exposed in $eferal.parU of Jamaica,"' 

Concerning the localities of a few Miocene fossils identical with the 
Bowden forma which have been accredited to "Clarendon " and " Upper 
Clarendon," it can be stated that these probably cnme from a point on 
the seacoast at Round Hill, near Bath, in the extreme southwest comer 
of the district of Vere, the fossils of which, collected by Sawkins, were 
said by him to be " nearly all the same genera and species as those 
found at Bowden, Port Morant, St. Thomas-in-the-Eoet," ' The refer- 
ence to " Upper Clarendon " was no doubt an error originally made by 
Etheridge in citing the field workers. The only allusion made by the 
latter concerning this locality was in connection with the occurrence of 
older formations. 

Dall has lately published a paper' which belongs to a more recent 

> Jsmsiean Report*, p. Sll. 

> Ibid., p. 811, 

' The Geologiil, Lon-lon, 1862, VoL V. p. 873. 

• Quan, ,Iour. Geol. S«p. London, 1668, Vol. XXII. pp. 281, S8a. 
t Iliid., 1865, Vol. XXI, pp. 1-14. 

• Op. dl.. p. 282. 

' Jumiiican Reports, pp, 182, 163. 

• Deieri]Hinii» of Tertinry Fosrils from the Antille&n Region. Proc, U, S. Nat 
Mu«., Vol. XIX. No. 1110, Wwhington, 1896. 
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epoch than the contributions of the class of writers previously men- 
tioned. His information was supplemented by the recent field work of 
Simpson and Henderson and myself. In this paper he describes Guppy's 
collections, which are accompanied with no information concerning their 
locality, except that they were collected by Vendryes. We have made 
inquiries of Mr. Vendryes, through Professor Duerden, concerning the 
locality of his collections, and he has stated, in a letter dated October, 
1897, that they were made at Bowden. 

It is sufficient to state, as far as the described species of the so 
called Miocene and Oligocene Mollusca are concerned, that, instead of 
haring wide and general distribution in Jamaica, they are known to 
occur in only one or two restricted localities, one of which, Bowden, has 
furnished all the recorded species. 

In but few other places in the world are fossils so beautifully pre- 
served, so representative of diverse orders, or so numerous in species, as 
in the gravels of the Bowden beds at the foot of Captain Baker's hill, 
Morant Bay. These occur only two or three feet above sea level, in the 
bluffs of the highway where it starts up the hill. A single barrel of this 
materia], recently collected, has yielded more than three hundred species 
of marine Mollusca, in addition to land and fresh water species, besides 
twenty-six species of corals, five species of Forarainifera, and traces of 
Brvozoa and Echinodermata. 

In the Bowden beds an entirely new foraminiferal fauna appears, and 
one which occurs under entirely different conditions from those of the 
Montpelier beds, representing for the second time in the Jamaican history 
a shallow water foramiuiferal fauna. These are of large macroscopic 
texture, are found in the Bowden gravel beds, and are of contempo- 
raneous origin with them. Following is a list of the genera collected 
by me from this horizon at Bowden, as determined by Bagg : — 

Foraminifera, — Haplostiche soldanii (Parker and Jones) ; abundant in 
Tertiary. Textularia barrettii (Jones and Parker) ; Miocene to Recent. 
Textulariatrochus, d'Orb. ; Cretaceous to late Tertiary, Recent. Orbicu- 
lina adunca (Fichtel and Moll); Miocene to Recent. Orbiculina com- 
pressa, d'Orb. ; Miocene to Recent. Cristellaria cultrata (Montfort) ; 
chiefly Tertiary. Cristellaria cassis (Fichtel and Moll) ; Cretaceous to 
Recent. Cristellaria calcar (Linn^) ; Miocene and Pliocene chiefly. 
Gypsina globulus (Reuss) ; very abundant in Miocene. Gypsina vesi- 
cularis (Parker and Jones) ; same range as G. globulus. Cuneolina 
pavonia, d'Orb. ; Cretaceous (1). Cuneolina sp. ; perhaps new. Vaginu- 
lina legumen (Linn^) ; Trias to Recent. Nummulites ramondi, d'Arch., 
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Eocene to Miocene rarely ; this is not very abundant. Amphisteginii 
lenonii, d'Orb. ; Tertiary tmd rare Becent. Synonymy, A. Tulgaria, 
A. hftuerii, d'Orb. ; Mloceue. 

TLia bed at Bowd'^'D must be Miocene. The ntateri&l from Bowdcn, 
Jamaica, is undoubtedly Miocene. i 

Conueming theae Fomniinifera Bi^g aays : " The Foramiiiifera from 
Bowden, Jamaica, nro essentially tropical species which ciisted in mther 
shallow waters of leas than 300 fatbums, wfaile many occurred at | 
depths of only a foir fathoms and still exist. I have recognized i 
the species Orbirulina adunea iu tbe Pliocene deposits of the Calooea- 
hatcbie River, Florida. Tliia species, though raiiging throughout the 
Tertiary period, did not became plentiful until Miocene time. Crif 
Ullaria eatear, Linu^, another Bhallow water form, is remarkable for its ' 
Inrgo siie, renctiing nearly j\ in. in diameter in the Bowden upecimena. | 

Gj/piiiia ploinlui. Reuse, This curiaiis litttc foanil, round, as its name 
implies, and as lai^ as double B. B. shot, is very abundant in the Bow- 
dun nialeriaU This is the genua described as Tinoponis, Ceriopora, eta 
Professor Brady in tbe Challenger Report saya of this form, and its rela- 
tive (r. vrtitularii, " Both have been obtained in the fossil coadition 
from the Miocene formation of Austria and Hinigary, Malta and I 
Jamaica, and from the Pliocene of Costa Rica, and, according to FariiOT 
and Jones, from the Tertiary beds of Palermo, Bordeaux, and Son 
Domingo." 

The species Teitularia barreiti is still living in shonl waters off the 
West Indies. It is a curious type of the genus, being compressed at 
right angles to tbe usual plane of compression. 

l/<rpt<ufiehe toldoni is the form described as Lituola $oldani, but is 
now placed by Brady under tbe genua Haplostiche. It still lives off 
the West Indies, but was most abundautly developed during the Miocene 

There are numerous specimens from the Bowden gravel which have 
an aspect which might be, and probably have been, mistaken for Orlii- 
toivlps.' Jones has also reporteil Orbitoliua from Vere,* where other 
Bondeii fitssiU ore found, and from the supp<ised Pliocene Pteropod marls 
of Jamaica. 

> JiitiM has laid (hat " OrbilfliJe) Hit? Innit heeo. and itill lonietiDKs are. mts- 
lakrn for Xamraiitiiiie. OrbitnlitM, and t>rliitolin», — all very diSerpDt one from 
aDi>tliM : and CTpn when thev are rvcoeniii'-t. it is often difficult to gel al their 

Iptt-ificcharacters," — TlieGeoIogiit. 1«4, Vol. VII. p. 106. 
» Ibid., p. IW. 
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There are also two or three specimens of a large form which are either 
Operculina or Heterostegina. Jones has reported ^ the latter genus from 
the same horizon as that of the ''shells and corals lately brought to 
England by L. Barrett, and described by J. Carrick Moore and Duncan/' 
in a collection which was clearly from the Bowden formation. 

Brffozoa. — The Bowden gravel bed contains numerous specimens of 
a species of Lunulites, associated with the corals, Foraminifera, and 
MoUusca. This form attains a maximum size of half a centimeter. 
Dall has also reported* Membranvpora savorti Audovon, from the 
"Oligocene of Jamaica." 

lu the Bowden beds is a varied fauna of simple corals. These in 
association with Foraminifera, Bryozoa, Pteropods, and other Mollusca 
occur in vast quantities in the gravel and marl at the foot of the bluff 
at Bowden, and sparsely in the marl at Bull' Bay. They have also been 
reported by Duncan from Vere, the Clarendon coast, and from Navy 
Island off Port Antonio ; and erroneously reported from '' Upper Clar- 
endon " by other writers. • 

During our expeditions we made a large collection of corals from the 
Bowden locality and these have been carefully restudied by Vaughan, 
who adds several to the number of species. He reports the follow- 
ing species from Bowden: Thysanus excentricus, Duncan; Thysanus 
elegansy Duncan ; Placotrochus costatus, Duncan ; Placocyathus barretti, 
Duncan; Placocyathus moorei, Duncan; Trochocyathus profundus, 
Duncan; Lithophyllia ponderosa (Duncan), (non Montlivaltia ponde- 
rosa, Edwards and Haime) ; Circophyllia walli, (Duncan) ; Asterosmilia 
Bp. ; Teleiophyllia probably graudis, Duncan ; Porites sp. cf. furcata ; 
Porites sp. of the astra)oides type^ but with larger calicos; Madre* 
pora sp. 

In addition to the species of coral previously described from Bowden 
by Duncan, Vaughan notes that our collection *^ is especially interesting 
because it contains two determinable species of Porites and one of 
Madrepora, none of which have previously been described," and ** which, 
if in $itu^ contribute rather important information concerning the condi- 
tions under which the Bowden beds were deposited." 

Concerning the corals collected by us from the Bowden horizon at 
Buff Bay, Vaughan reports that '' it contains a specimen of PlacocyaXhus 
barrettiy Duncan, and an uudescribed species of Dendrophyllia." 

1 The Geologist, 1864, Vol. VIL p. 106. 

s Proc. U. 8. National Museum, WashiDgtOD, 1896, Vol. XDL No. 1110, p. 329. 

* See Appendix to Jamaican Reports. 
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According to Dimcan,* the Bowden corals (bis l^Iiocene) comprue 
furmB commou to the Miocene of Europe aod apeciea peculiar to the 
Indian Beas, while many of the genem now exist iu the Pacific Ocean. 
He said that ouo specieB of Montlivaltia is found fossil at Travaiiocore.' 
He also states : ■ '• Corals from Vere, Bowden, and Navy Island off Port 
Antonio have no general resemblanoe to those from the Eocene and 
Cretaceous strata, but present the appearance of the commou speci- 
mens of the various Miocene shales and marls of San Domingo and the 
European Miocene ; and nil are absent from the existing coral fauna of 
the West Indies. The comparative absence of compound corals from 
the Jaiflaican Miocene is very remarkable ; and equally interesting, in 
reference to the deep sea nature of a part of the coral fauna, is the 
abundance of Foraminifera which crowd amongst and fill up the inter- 
Bticea of the specimen." 

Ktheridge states * that twelve of the nineteen sp<H:ioB worked oat by 
Duncan are common to the Miocene (old usagn) of Jamaica and Europe, 
while eleven of the species are said to be still living, but Gregory and 
Vaiigban cast doubt upon the validity of Duncan's conclusion, as he 
seems to have confused species from the elevated reefs with those from 
entirely different horizons. It may not be out of place to add that this 
fauna is totally distinct in genera aud species from another West lu- 
dian " Miocene " coral fauna described by Duncan from Antigua, DiiP- 
can has also stated that a majority of these species indicate deep water.* 
This fact seems to be borne out by the studies recorded iu the " Three 
Cruises of the Blake." 

It is au important fact that only three closely related compound 
species of corals, such as composed the elevated and modem reefs of the 
Caribbean region, were found by me in the Bowden beds, and theae may 
have been pieces of recent beach debris. This indicates that true reef 
building corals bad not made serious appearance in Jamaica at the time 
of the deposition of these beds. The Bowden corals have been fre- 
quently cited as reef making forms. 

Moore recognized' seventy-one species of marine Molluscs from these 
beds, twenty-eight of which were alleged to occur in the San Domingo 
beds, and twelve of which are living in the adjacent seas. 
1 Quart. Jour. Geol. Soc. LondoD, 1863, Vol. XIX. p. 454. 
■ Ibid., p. 466. 
' Ibid., 1865, Vol. XXL p. U. 

* Jamaican Reports, p. 309. 

' Quart. Jour. Geo!. Soc. Londoa, 1866, Vol. XXIV. p. 18. 

• ItiM., 1863, Vol. XIX. p. 611. 
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Qnppy has described 250 species of "Tertiary fossils of the West 
Indian region" without giving definite localities or horizons, but we 
have reason for believing that a large migoritj of these come from the 
Bowden beds. Dall has recently described^ forty-eight additional 
species from the '' Oligocene of Jamaica," which are all from the 
Bowden locality. 

No detailed list of the molluscan fauna of Bowden as a whole has 
been made,' although such a catalogue would be most important and 
valuable, for with it the discussion of all great questions concerning the 
West Indian later Tertiary paleontology would be made intelligible, 
while now this subject is in a stage of mist and chaos. Dr. Dall has in 
his hands the material for such a catalogue, and it is sincerely hoped 
that he will make one at an early day. It is a well known fact that a 
lai^ percentage of these Bowden forms have persisted through later 
times and are at present living in West Indian waters, and that de- 
ductions concerning the Pliocene or Pleistocene age of the succeeding 
beds can be made only on the percentage of many forms. Without a 
census of the Bowden molluscan fauna, it must be evident that all such 
deductions as have been or will be made concerning this fauna are 
unstable. 

Dall correlates' this molluscan fauna with the " Chipola, Tampa, and 
Chattahoochee horizons of Florida, correspouding to the Aquitauian of 
France." He also notes the wide occurrence of this fauna in the An- 
tilles, Trinidad, and Cura^oa, and on the mainland of Panama. A large 
percentage of these forms still exist in the adjacent seas and represent 
the ancestral conditions of the present life. 

Ko traces of Pteropods were found in my examinations of any of the 
rooks below the Bowden beds. In the latter numerous specimens of 
imall Pteropods about five millimeters in length appear. In these beds 
there are also many specimens of a craniate shell attaining a diameter 
di half a centimeter which may belong to this order. Bagg has kindly 
identified the species as follows : Hyalaea gibbosa, Eang ; Hyalsea lim- 
bata, d'Orb. ; Hyalsca (Diacria) vendryesiana, Guppy. 

The land and fresh water Mollusca of those beds stand out strong and 
slear, thanks first to the admirable studies of Simpson.^ He enumerates 

1 Proc. U. S. Nat. Mus., Vol. XIX. pp. 303-^81, Washington, 1896. 

* I have heard that G. F. Harris, British Museum, is now working on one. 
» Proc. U. S. Nat Mus., Vol. XIX. p. 804, Washington, 1896. 

* Dfstribntion of the Land and Fresh Water Mollusks of the West Indian Region 
ind their Eyidence with Regard to Past Changes of Land and Sea. By Charles 
rorrey Simpson. Proc. U. S. Nat. Mas., Vol. XVIL pp. 423-460, Washington, 1894. 
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the following fossil Hpecies from the beds at Bovrden : Neocyclotus (Pty- 
diocouhlia) bakeri, StmpBon ; Lucidella coatato, SimpeoD ; Pleurodoute 
bowdeniana, Simpson; TliysaDnphorn ; Opens; Succinea. 

In the nmrginnl land derived material of the upper part of the Bliig 
Mountain Series and Cambridge beds, no remains of land or frpsh water 
moUuBCtt have been found, and if tliey existed in late Cretaceous Of 
eorlj Eocene times, it is siugiilar that no trac« of them can be found 
in beds so peculiarly adapted for their oocurrence. Even if they pre> 
vionsly eiisted, their absence in the deep water murine beds of the 
Montpelier and Munei^iie beds would be natural, for they arc never 
met with in such formations. 

In the IkiwdcQ series, however, land sli^lU do appear for the tir«t 
time, several species having been sorted unt of the great fauna of Fo- 
raminifera, Bryozoa, Hydroids, corals, and MoUusra of this peeulinr lit- 
toral formation whieh oocurs in the midiit of tlie grant White Limestone 
Series. Their appearaoco here fits in beautifully with the facts of the 
MiJ'Tertiary land expansion elsewhere given, and thoroughly satisfies 
the fauts of the present known dialribntiou of their doscendanla in other 
iiilunds and in Central America, as elsewhere explained. Simpson has 
found a probably fossil land shell in the succeeding Cobre liniestona 

of Bog Wallt. 

A few traces of fish teeth have been found in the Bowden forniationa. 

In r^sum^, it can be eaid that the Bowden fauna as a whole marks 
a most important horizon in Jamaican history, representing the reap- 
pearance of molluscan life after the long hiatus intervening since the 
Cambridge epoch, and prescuts the hei^nuings of the littoral fauna 
which have since prevailed around the border of Jamaica in the later 
Tertiary, Miocene, and Pliocene-Pleistocene, and recent time. 

Tht Ciibre Sedi. — The Cobre (White Limestone) which may be a 
synclironous but deeper water formation than the Bowden beds, is 
largely composed of Foraminifera mixed rarely with debris of Molluska, 
simple corals and Echinoidea, Mollusca are almost entirely missing 
from this formation, except at its immediate )>ase near Bog Walk village, 
where many imperfect casts may be found, all of which have 8 super- 
ficial resemblance to the Bowden and later forms. In theae beds we 
found two or three specimens of Echini, The main portion of this 
limestone is almost entirely foraminiferal. 

Our microscopic sections of the white limestone of this formation, from 
the convict quarry east of Kingston and Bog Walk, show a large num- 
ber of small Foraminifera of many species, but in which Nummulinte, 
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Orbitoides, etc., of the Montpelier and lower beds are entirely absent. To 
this formation belongs the collection of specimens described ^ by William 
Hill from Mile Gully, Manchester Parish, containing Amphistegina. 

Probably this is the limestone largely composed of Ueterostegin® 
from Clarendon Parish, described by T. Kupert Jones, ^ which he says 
"corresponds to the same horizon as that of the shells and corals 
[Bowden] brought to England by Mr. L. Barrett and lately described 
by Mr. J. Carrick Moore and Dr. Duncan." 

Bagg reports as follows upon the Foraminifera of limestones collected 
from the Cobre formation. 

No. 80. Yalkths : Globigerina bulloides, d'Orb. ; Cretaceous to Recent. 
Orbulina universa, d'Orb. 

The apparent absence of Globigerina cretacea makes it very probable 
that the rock is to be placed somewhere in the Tertiary period, but 
Glohigeriita huUoidet occurs abundantly in many horizons. 

No. 58. Eock Quarry, one mile east of Spanish Town : Amphistegina, 
(also at Bowden); Nodosaria; Globigerina; Textularia trochut ^2^ao 9A 
Bowden) ; Textularia (2 sp.) ; Rotalia or Discorbina. 

No. 62. Kctreat, Clarendon, Operculina (?) ; Textularia (also at 
Bowden) ; Cuneolina (?) (also at Bowden) ; Gypsina (also at Bowden). 

No species of corals have as yet been identified with certainty from 
the Cobre limestone beds. Only two or three imperfect specimens of 
what were apparently simple corals were found in our close examination 
of hundreds of outcrops of this formation, but they were too imperfect 
for specific identification. They resemble very much the simple forms 
of the Bowden beds. 

Duncan has reported three species from '* the hard white limestone " 
which may have come either from the Cobre formation or the white 
limestones of the Coastal Series. Oue of these, Alveopora dcBdalcsa is 
known to occur in formations of later ago than the Bowden beds, in 
Antigua ; another, Cyphastrcea costata, a doubtful species, is said to 
occur in tho Post-Pliocene (presumably Pleistocene) beds of the island 
of Barbuda.' The third, Astroccenia decapliylla, he says, is a Cretaceous 

1 Quart. Jour. Geol. See. London, 1891, Vol. XLVII. pp. 248, 249. 

« Op, at, pp. 104, 105. 

* " Cifphastraa costata, Duncan. The type from Barbuda is a piece of the small 
caliced West Indian Orbicella — O. aeroj>ora Linn. (Gregory) 0. annularis, Dana, of 
Pleistocene, late Tertiary or recent age. The other specimen, from Santo Domingo, 
and labelled Cyphastrcea costatay is a Solenastrcea, therefore the name Cyphastrtea 
eottata must be dropped from coral nomenclature. Gregory's Cyphastrcea costata 
are Orbicelia acropora"^— Vaughan. 
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coral of Europe. Probably the stratigtaphic occurrence of the latter in 
Jamiuca was not properly represeateil to Duucan, and it may have come 
from the Cretoceoiu formations of that island, in which some of the 
liniestoDfi (notably of Clarendou) is us " hard and white "' as any of 
the other white licneatunes. 

Fauna of the Pliocene Formatxoni. — In the Pliocene, Mauchioneal, 
and Mulatto Kiver bods of the Coastal Series, we have tbo first un- 
doubted appearance of the modem reef building compound coraU in the 
Jamaican Bequence. In these two localities of supposed Pliocene age, 
the forms occur sparsely as single heads in the former, and aa a thin i 
Blrtitum of true reef rock aliout one foot thick in the latter. 

Vaughan has recognized an Orbieella, probably radiata, and a Meatt- 
drtHU from these beds. 

In discuBsing a species of Terebralula reported by Guppy from Trini- 
dad, Etheridge ' distinctly notes that " none occur in the Tertiary of 
Jamaica, although careful search was made tlirough the collection." 
De la Heche says,' "At Manchioueal Harlxir the white marl contains 
corals, spines of Hcbinites and Terebratuhe, besides costs of other ehella." 
Rirrelt, in a note which was published by Woodward in the " Critic " of ' 
February 1, 1803, also noted the occurrence of Terebratulidte in the 
new 1'ertiary of Jamaica, 

We orero fortunate to find in these beds at jMauchioneal two Terebra- 
tula forms which have l>een determined by Schuchert to belong to the 
genus Liotbgrina. Most of the specimens are Z. vilrea, Bume, and 
one specimen is probably L. bartlttti, Dall. The former is not known 
as a living species iu the West Indies, but is a common species of the 
Pliocene of Sicily. 

There is also a single specimen of a large and beautiful Camolina, about 
one centimeter long, very much resembling the figured specimens from 
the Pliocene of Italy. From the so called Pteropod marls, which are 
probably allied in age, Etheridge reports * three genera of Pteropods, 
to wit, Cleodora, Crtteit, and Cuvieria. The Mancbioneal beds contain 
but few other moUuscan remains, only a few moulds and casts having 
been found by me. Barrett, who collected more thoroughly, is said to 
have found sixteen species of recent Mollnsca belonging to the surround- 
ing seas in this marl.* 

The " Pteropod Marls " of Barrett — our Mancbioneal beds of sup- 
posed Pliocene age — contain still distinct foraminiferal fauna, the species 
1 Jamaican Report^ p. 318. * Ibid., p. IRl. 

> Ibid., p. 819. * Ibid., p. 213. 
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of which, as determined by T. Rupert Jones and W. K. Parker, are 
nearly all identical with those dredged by Barrett in the adjacent sea 
at depths which indicated at least 100 fathoms. 

The species determined by Jones and Parker ^ are as follows : Nodo- 
saria raphanus ; Nodosaria raphauistrum ; Dentalina acicula ; Frond icu- 
laria complanata ; *Cristellaria calcar ; *Cristellaria cultrata ; Cristellaria 
rotulata ; Cristellaria italica ; *Orbitolina (Gypsina) vesicularis ; Buli- 
mina ovata; *Lituola (Haplostiche) soldanii ; Yertabralina striata; 
*Cnneolina pavonia ; Yagulina acumen ; Yagulina striata. 

Eight of these species have been found living in the adjacent waters 
by Barrett. Five of the species (marked *) are the same as those 
identified by Bagg in the Bowden beds. Those genera which are 
specially characteristic of the Oceanic White Limestone and Cambridge 
beds, such as Orbitoides, Nummulinse, Operculrna, Heterostegina, and 
Amphistegiua are absent here,^ as well as from the Bowden beds. 

In the Falmouth beds of the north and south coast of the west end 
of the island, the third, last, and most recent horizon of abundant well 
preserved fossil remains of Post-Pliocene Mollusca are met. They in- 
clude Lucina, Cardium, Area, Solen, and mauy other genera of bivalves, 
and among the Gasteropoda forms of Turbo and Strombus, such as 
abound off the present coast, and great numbers of a small Bulla, 
which is especially abundant in similar deposits of Yucatan, Barbuda, 
and other West Indian localities. This sub-recent or Pleistocene fauna 
is well worthy of careful study and analysis by those interested in the 
study of the paleontology of the Mollusca. 

^auna of the Elevated Coral Reefs. — In the elevated reef of the 
Coastal Series, corals are everywhere found, either as the chief material 
of the elevated reefs, as previously described, or as single specimens or 
fragments in the contemporaneous marls. 

Yaughan has identified the following species of coral in the various 
Soboruco collected by us. 

**7. Barbican Bay, Jamaica, twenty-five foot reef; Siderastreea ra- 
dians, (Pallas) ; Siderastrsea siderea, (£11. and Sol.) ; Porites pontes 
(Linn.) ; Orbicella acropora, (Linn.). 

" 1 3. Bluff east of Port Antonio, Jamaica ; Orbicella acropora (Linn.) . 

"16. Soboruco, Port Maria, Jamaica : Lower Soboruco; Orbicella 
acropora, (Linn.) ; Siderastnca siderea, (Ell. and Sol.). 

'^ 38. Try hall, Jamaica ; Lower Soboruco : Orbicella acropora (Linn.). 

1 British Association Reports, 1868, p. 80. 

3 Noted by Etheridge, Jamaican Reports, p. 813. 
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"39. Hopewell, lower reef between Lucea aud Moutego, Jamaica: 
Meandrina, Bp.;Sidenutra)amdiAnB, (Palliis); Orbicella acropurn, (Liou.)) 
PoritcH pontes, (Liuu.) ; Madrepora muncata, Liua., forma cerTiconuB, 
Lam. 

" 50. Soboruco out in railway. Orange Bay, old Soboruco i Orbicella 
radiata, (Ell. and Sol.). 

" 54. Soboruco, Eiiiiaway Bay : Orbicella aoropora, (Linu.). 

" 71. One mile west of St. Ann Bay ; Lower Sobanico i Orbicella 
acropora, (Linn.) ; Siderastnca sp. 

"93. CoraU from stratilied liraestone. Mulatto Bay, (Manchioneal 
Beds) : Orbicellft acropora, (JlII. and Sol.) ; Orbicella radiata, (EIL and 
Sol.) ; Meandrina, sp. , 

" Manobiouoal IJluir, ' same as other reefa.' " | 



Oeologio and Topographic Evolution of the Island. 

In the preceding chapters we have set forth the general geographio 
featnrea and the details of coiuposition, structure, and paleontology, and 
arrived at ooDclusioua by whose use the events acconipanying the 
geologic and geographic evolution of the island can be more intelligently 
reviewed. 

Upon the tahle (page 143) we have aummarized this history in a 
manner that will enable the reader to follow what will now be set 
forth in detail. A short sketch of the principal events of its history 
will now be given, including, first, a brief outline of the events, next, 
an interpretation of their magnitude. 

The known history of Jamaica begins with the expiring days of the 
Cretaceous period. What part the present locus of our island played 
in the earlier events of the battle between sea and land preceding this 
epoch cannot at present be stated, but we do know that iu kte Creta- 
ceous time its crests appeared above the waters, and that in succeeding 
epochs grew more and more conspicuous. 

The vast acouraulation of rolled igneous pebble of homblende- 
andesitcs and volcanic tuffs, which constitute the oldest known rocks 
of Jamaica, prove clearly that in late Cretaceous time volcanic erupt iv- 
ity was active at or near the island during their formation, while the 
colonics of peculiar fossils interbedded at intervals in thcao rocks &i 
the time of their origin as the latest epochs of the Upper Cretaceoua 
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period. Furthermore, the species themselves, their faunaJ assemblage, 
and the circular arrangement of the colonies around the nuclei of 
the Blue Mountain and Clarendon ridges may possibly indicate that 
there were several centres of this eruption. The debris of this event 
was enormous. The thickness of that portion which now survives can 
be assumed to be at least five thousand fent. The former extent and 
relations of these late Cretaceous volcanic outbreaks in the Antilles is 
now concealed by the coatings of later formations, but they were not 
peculiar to Jamaica alone, as shown later in this Heport. 

The next event in Jamaican history was the degradation of the 
nucleal volcanic heaps by erosion, — a fact recorded in the sediments 
of the upper part of the Blue Mountain Series, especially the Rich- 
mond beds. The thickness of these sediments, aggregating 1,500 feet 
or more, attests the existence of a high pre-existing land, and the 
abundant plant remains they contain show that it was thickly covered 
with vegetation. The nature of the sediments themselves, which are 
of impure land-derived material, carbonaceous clays, sandstones of 
volcanic ddbris, and beds of the older igneous pebble reasserted, and 
the scarcity of animal remains, indicate rapid erosion and deposition. 
The uniform alternations, the wide extent of the formation, and the 
occasional presence of marine fossils, show that the material was sorted 
in shallow waters. This fact, together with the presence of a few 
pebbles of foreign origin, the absence so far as known of any distinct 
delta or estnarine deposits, and the widespread occurrence of similar 
formations in the West Indies, suggests the existence in the region 
at that time of larger land areas than the mere nucleal summits we 
have described. 

There is also evidence that subsidence accompanied this deposition, 
and that the two events were so compensatory that the depth of 
bottom did not materially change. These events were also closely 
followed by folding of the strata, — a process which was repeated at 
intervals until the close of Miocene time throughout the Antillean 
region. 

The strata of the Richmond beds are not only everywhere folded, but 
near Lucca, in the western end of the island, they are closely flexed, and 
are completely overthrown, as shown in the illustration on Plate XXII. 
The epoch of this folding could be easily assigned to a later disturb- 
ance, such as that at the close of the !Miocene, were it not for the fact 
that none of the overlying and succeeding strata exhibit such intensity 
of disturbance. The latter occur in gentler and more open folds. 
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lera ia also some evidoDce of unconformabte dcpositioti of the later 

)ds upon the Richmond. Oil the south side of the Clareudon Moun- 
iins the Chnpeltou beds of the Cambridge formation rest directly 
ipon the Miuho beds of the Blue Mouatain Series, without the inter, 
/ention of the Richmond beds ; the Cutadupa beds at Catadupa are 
interpolated between the Richmond and Chapelton beds ; at other 
places, on ihe north side of the iialaQd, the Cfaapelton beds rest directly 
upon the Kiebniond. 

Furthermore, the older beds of the Blue Mountain Series, the 
Cretaceous limestonea and Richcnoud beds, are all turned up together 
in this older and more complioated system of foldinp, and iuseparahlj 
constitute the summits of the Blue Mountain Ridge, which bettrcen 
the altitude of 3,000 and 7,325 feet now protrude 4,335 feet above all 
tha later Eocene and Oligocene formations. These Tac\,s, especially 
the diSereut nature of the folding, strongly suggest an interruption 
of sedimentatiun and a corrugation of the strata after the close of the 
J!icbmond deposition period, and also iudioate that mountain making 
movements were operative in Mid-Eocene time, which may have been 
the initiation of the uplifts, which bad far reaching importance in 
Autilleau history, accompanied by active vulcautsm in the Isthmian 
and probably Windward regions. We are not prepared to interpret 
fully this particular event without further examination of the region. 
If, on the other hand, this folding did not occur at this particular 
epoch, then the Eichmond beds may mark the initiation of a great 
Bubsidonco so clearly tmccable in the succeeding epoch. 

Lime making' fossils begin lo nppL'ar in the upper part of the Itich- 
mend shale where the Cambridge beds begin, — such as Forarainifem, 
corals, and Mollusks, — and the lime they produce has been taken into 
solution and segregated into masses and strata of nodular limestone, 
occurring in the shale. These impure limestones of the Cambridge 
beds represent the transition between the terrigenous littoral deposits 
of the Richmond and the deep oceanic chalks of the Montpelier epoch, 
and are a step in the great subsidence that was then progressing. 
The "Yellow Limestones," like the Richmond beds, are undoubtedly 
of Eocene age, corresponding to the later portion of that period. 

The rapidity with which the impure nodular bmestonea of the 
Cambridge grade into Montpelier chalks, composed of Globigerinn and 
Toid of molluscan fossils, indicates that the subsidence, initiated as aliove 
stated, continued to profound depths, 1,200 fathoms or more, accom- 
panied in adjacent localities with great deposits of Radiolarian earths. 
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This subsidence was one of the most important and far-reaching 
events in all Antillean history as we shall show in our next Part. 
For present purposes, however, it is best to consider how far it in- 
volved the pre-existing land topography of Jamaica. Canyon cuttings 
through the collar of the limestone plateau which now encircles the 
peaks of Blue Mountain structure show that the latter extends down 
to sea level and nearly everywhere out to the present margin of the 
island. The limestone deposits of this subsidence encrust this moun- 
tainous core to a height of 3,000 feet, and hence only the portion of 
the summits above that altitude could have been dry land when this 
subsidence was at its maximum. This land, then^ was restricted to an 
area of what is now the upper slopes and summit region of the Blue 
^Mountain ridge proper* The remaining parts of the island, including 
the limestone plateau and the Clarendon and Jerusalem Mountains, 
Tvere completely submerged. The culmination of this subsidence can 
be fixed by the paleontologic evidence at the close of the £ocene period, 
Vicksburg epoch. 

The next event in Jamaican history was the re-elevation of the sea 
bottom and the restoration of the land area to proportions far beyond 
its present outline, connecting it with the adjacent island of Haiti on 
^he east and possibly the Central American region to the south of west. 
This elevation is attested, first, by the shallowing nature of the upper 
limestone Moneague formations of the Oceanic Series, in which simple 
corals and Molluscs appear; and, secondly, by the emergence of these 
strata into land during another period of mountainous folding, ac- 
companied by great laccolithic intrusions of igneous granitoid rocks. 

This emergence of the island to beyond its present outline is evi- 
dent. This emergence brought up with it that portion of the old 
presubmerged mountainous topop^raphy now encrusted by a coating 
1,000 feet or more of oceanic chalks. That the land extended still 
farther beyond its present margins than at present is shown by the 
truncated termination of the formations of the back coast topography, 
and the unconformity of the later formations against their eroded 
bla£Fs, the submerged benclies of the island, and the biologic proof 
that dissemination of the land Mollusca between the islands took place 
at this time.^ 

This emergence was dominated by a low east and west fold through 
the geographic centre of the island, which caused its present elongate 

1 Distribution of the Land and Fresh Water Mollnsks of the West Indian 
Begion. Proc. U. S. Nat Mas., Vol. XVIL pp. 428-460, 1804. 
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ipe. This eouBtitntod a gently arobed openly folded uitiolmnl atmo- 

re, iacliniug north and Aotith. Tbia bruad fuld U marked iu its 
ftireo hy numerous sbort Becondiiry wrinkles or miniature low nuticlinal 
Jds, as is so b«autirully ehon'n iu many places, notably near Catadupn 
Ud Montpclier. (Sec Figs. 18, 19, 20.) 

Aoconipiinying tbis uplift was a groat intrusion from liclov of the deep 
taittdd grnititoid and dioritic rocks wo bavo described. The central 
location of this niasj below the limestone, now so benutifully exposed 
i^y subsequent erosion iu St. Mary, the metamorpbisni which the over- 
lining Montpelier beds have suffered, and the numerous dikes protruding 
fftom it through the oceanio limestones and Blue Mountain Series, indi- 
cate that this Uicoolith was contomporaneoua with this epoch, and cor- 
roborate tha belief that, if it was not the dircut causi>, it was at least 
intimately associated witb tbis Mid-Tertiary (Oligoccuo?) uplift o( 
Jamnim. 

The higher terraces or levels, lietween 1,000 end 2,100 feet, seem to 
have been during or immediately following tbia emergence epoch, and 
previous to tbe next subsidence to be describod. Wo shall alsii show 
thut tbis event wns not peculiarly Jamaican in its eft'eeta, but bad a 
wide reaching influence in Antillean and Central American geography. 
^ Tlio neiit event in Jamaican history was a renewal of subsidence and 
mpk oontraetion of the land to its present back coast borders. This aub- 
Bldeuue, recorded in tbe Bowden formation, involved at it^ coaclusion 
only tbe margina of tbe preeeut island area, which at its l>uginning was 
probably exjuindcd beyond its present borders. It was initiated by the 
deposition of tlie land derived lilfomls of IJowdcn gravels, fouiid only 
in the north and south coasts of the eastorn portioun of the i.slaud, ntiil 
probably culminated in tbe dei'osits of the shallow ninrls. The ampli- 
tude of this movement was probably less than one thij^ that of the 
great Montpelier subsideuee. The Howden and Cobre beds encrust 
the pediments of the island up to a height of less than 300 feet. The 
land area during this epoch ngain became insular in charactor.* 

Succeeding the Bowden epoch there was another upward movement 
of the island. The larger portion, which had remained hind during the 
Bowdeu subsidence, including much of the Limestone Plateau aud the 



1 The pritinble absence of these tormM'ti 
if inie, nnil the immcrlinte cnsl tnast if prov 
tliBl iheJamnicn. Haiti Innd coTiin^ctinn con 
nnci Hint llie more extcneire lancia exietei] 
llie PeJro IlHiiks or bejond. 



ni from the western half of the illuid, 
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Blue Mountain ridges, was elevated some 500 feet or more, bringing up 
with it, not only the present marginal border composed of the new made 
sediments of the Bowden epoch, but a now slightly submerged area 
towards the south, which extended at least as far as the present 500 
fathom line, embracing the Pedro banks and keys. This upward move- 
ment, while accompanied by slight deformation, was less orogenic than 
those of the preceding epoch, probably representing the last throes of 
the Antillean uplifts. It is very certain that the large area of Jamaica 
was expanded during this epoch (late Miocene) beyond its present borders 
at least as far as the present 500 fathom line. 

Accompanying or closely following the time of this elevation in late 
Miocene or early Pliocene time was a period of great erosion and de- 
nudation, which largely produced the minor relief of the surface con- 
figuration of to-day. During the Pre-Bowden elevation the headwaters 
of the marginal drainage of the south coast, which then flowed out to 
flea across the present submerged banks, were actively engaged in cut- 
ting out, as headwater amphitheatres, the embryo embayments of the 
present Liguanea type of plains, and the older sink-holes in the summit 
of the limestone arch by dissolving through the soluble limestone. In 
the Post-Bowden epoch the sink holes were cut downward to the insolu- 
ble strata, underlying the limestone, producing the first of the present 
great interior basins, which also commenced to expand laterally by 
erosion of their soluble margins. Meanwhile, the coastal drainage 
rapidly extended interiorward by headwater erosion, and the country 
adjacent to its lower portions became extensive base-levelled plains, and 
included then what are now the submerged benches of the island, and 
which were veneered with the aggradational Kingston formation dur- 
ing a subsequent subsidence. This period of erosion was late Miocene 
or early Pliocene, corresponding in time almost exactly with the great 
Pre-Lafayette erosion epoch of the Korth American continent. 

During this late emergence the middle series of terraces (now from 
200 to 700 feet high) were cut around the coast ward face of the back 
coast countrv. 

Possibly there was another subsidence in late Pliocene time, — the 
first of a cycle of epeirogenio oscillations that characterized the later 
history of the island. The island once more underwent partial subsi- 
dence ; the pre-eroded coastal plains and base-levelled bights bordering 
the island became in their seaward extension submerged platforms, 
while their interior borders constitute deeply indented estuaries at the 

mouths of the great rivers of the south coast and Montego Bay of the 
TOL. zxziv. II 
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north side. The platforms were covered with littoral formfttiooB ddiI 
the estuaries filled with aggradatiouat d^bria. Tliis aubiuorged ihe 1 
inland to the foot of the bnck coast country. It clearly took place 
during the late Pliocene and beginning of Pleistocene time. 

The next and last event waa the epeirogenic elevation, or series of 
elevations, which have continued until the present time, restoring to 
the island the belt of land now forming the fringing coastal borcier, 
including the elevated reefs. 

TiiQ continuity of this uplift may have been interrupted by a mioor 
Bubsidenco in early Pleistocene time. Unfortunately paleontologists have 
not sufficiently analyzed the West Indian marine faunas to enable us ta 
discriminate between the Pliocene, Pleistocene, and recent faunas, espC' 
cially the last. Hence the differentiation of the stages of Post-Pliocene 
chronology is still vague. As the pre-B\ibmerged platforms of the preced- 
ing epoch of subsidence were brought up within the zciie of reef coml 
growlli, the first true coral reefs began to fringe the island and formed 
outlying and fringing reefs.^ As elevation progressed, the oldest of these 
were first raised above the sea into a bench of Soboruco, while np" 
living reefs were installed upon that portion of the submerged platform 
which the elevation in trim brought up to a position favorable for reef 
growth. Thus successive reefs were elevated into coastal benches, while 
living rceffl continued to grow in tlie ndj^iceiit waters, as are found to- 
day. In this manner, as the island was constantly rising, the terraces 
of reef rock now found at altitudes of 60, 25, and 15 feet, aa described 
in the geologic portion of this paper, were made. Similar living reefs 
continued to grow as now in the adjacent waters, which in turn may 
some day be elevated into marginal terraces. Inasmuch as the elevated 
reefs are made up entirely of living species, there is no reason to asMga 
this elevation to a more remote period tbao late Pleistocene and reccDt 
time. 

Accompanying their elevation the lagoonal debris behind the barrier 
reefs was also converted into low coastal swampy lands, and the strenms 
renewed their channels to the sea across the old alluvial plains. This 
elevation completed the geographic evolution of Jamaica into the land 
area it presents to-day. 

From tlie foregoing statements it will be seen that the evolution of 
Jamaica has resulted from varied processes of land construction, includ- 
ing, first, piling up of volcanic ejecta iu the beginning of its historv, 
which we shall not further mention at present ; and two kinds of up 
lifts, orogenic and epeirogenic movements respectively. 
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These movements have collectively oonatituted the great oacillatioDB 
whereby, since the close of Cretaceous time, the land and sea bottom have 




FiODRi 89. Cout BenchM, TreUwne^. 



moved up and down, resulting in tho expansion or sbriukiDg of the r^ 
respective areas in harmony nith these movements. 



OSCI LLATIONS 




FiorsEJO.— Change* of Level in tho West Indian Region. 

These oscillations, as summarized upon the accompanying diagram, 
have comprised three complete cycles of movement, each of which em- 
braced a period of depressioD and elevation, the downward movement 
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at which may be termed the Moiitpelier, tlie Bowdim, the ITflnchioneal, 
and tlie PkietooeDC subsideuces, and tho sQcoeeding elevntiuuB the Mid- 

Oli^aene, the late Miocene, and the early Pleiatocene, or recent eleva- 
tions respectively. It is jutereatiug to note thnt these movements are 
each Huccessively smaller in amplitude than the precedhiy, like the dying 
strokes of the pendulum. 

The orogeuic or mountain folding movements were espeeiHily charac- 
teriBtio of the earlier of the middle periods of its history, while the 
epeirogenic eveuU mark the later stages. The Post-Richmond, Pogt- 
Wonongiie, and Post-Bowden njilifts were all of an orogenio chamcter, 
, hi:t eaeh successively consisting of broader arching and less closely 
folded deformation. Thus it is thnt the Ilit-hniond beds are closely 
folded and overthrown, the Cambridge, Montpelier, and Moneague beds 
arolied and gently wrinkled, the Bowdeu beds only tilted. CollectiYely, 
they probably represent the initiation, culmination, and expiration of 
the great Antillean mountain uplifts. Tho elevated reefs recording 
the epeirogenic movcmenta were horizontally elevated without visible 
deformati'iu. 

An iuteiwsting fact of the stniotnrn of Jamaica, as well as the Antilles 
in general, are the two lines of orogenio dominant trends, one extending 
northwest end southeast, and the other cast and west. Whether these 
trends can he each assncinted witli a peculiar cffnrt of mnimtnin making 
we cannot form definite condusious at present. It is very probable, 
however, thnt all of the structure was originally dependent upon an an- 
cient early Mesozoic orographic uplift or buttress, which had an east and 
west axis through the Great Antilles and the Guatemala-Chiapaa i^gion, 
the only trace of wliich is now preserved in the old Post-Paleozoic moun- 
tains of the latter region and possibly Western Cuba. It is certain, 
however, that the earliest movements visible in the present structure of 
Jamaica had a northwest and southeast trend conformable to the direc- 
tion of the present Blue Mountain ridge, and conformahle to similar 
trends in the combined coast line of nortiieast Cuba and Haiti and the 
outer margin of the Bahama Banks. The later movements have east 
and west trends (which might be called Antillean), as shown in tho 
secondary axis of the elevated limestone ridges of Jamaica, Cuba, Porto 
Piico, and the structure of the base of the Yucatan peninsula, the monn- 
tains of Eastern Honduras, tlie Isthmus of Panama, and the Venezuelan 
coast. It may he well to note hero that it is impossible at present to fit 
into either of these systems of trends — the Bnhamnn or Antillean — 
all the Windward Islands or their submarine platforms. 
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To tho physicist who estimates the amplitude of these oscillations 
there is apparently only oue available datum plaue, — the position of 
sea level relative to that portion of the island now protruding above the 
water. This is an imperfect bench mark, however, for a large portion 
of the former island surface is now submerged, and sea level may have 
changed. Fortunately, we have in tho geomorphology, stratigraphy, and 
paleontology of the present laud area, and the knowledge of the subma- 
rine topography and bathymetric distribution of living marine organisms, 
important collateral data which give valuable facts for estimates. 

The first or great primary oscillation was that embraced in the cycle 
of the Cambridge-Montpelier descending, and the early 01 igocene ascend- 
ing movement. This subsidence was certainly 3,000 feet, as can still be 
measured by the height to which the bases of the old pre-existing moun- 
tain summits are plastered with its deposits. AVhen we remember that 
the present land surface of Jamaica is only the crest of a larger Jamaica 
still submerged, it would be no stretch of the imagination to believe that 
the movement was from twice to thrice the amount given. In fact, there 
is very direct evidence which leads us to tho latter conclusion. 

The purity of the Montpelier chalks and their dominant composition 
of Globigerinse would indicate that they were deposited like the deep sea 
oozes of to-day at depths of 1,200 and 2,300 fathoms. The fact that in the 
eastern end of the adjacent island of Cuba the stratigraphic and time 
position of these beds is occupied by Radiolarian earths which are now 
kaown to abound from 2,000 to 4,000 fathoms (12,000 to 24,000 feet) 
justifies us in premising that the Globigerina beds of Jamaica were laid 
down in very deep waters. It would not l)e at all unfair to assume the 
average between the minimum and maximum of the Globigerina and 
Itudiolarian depths as 1,750 fathoms, or over 10,000 feet, as the mean of 
this subsidence at Jamaica. The assumption of a minimum depth has 
additional support in tho fact tluit tho Jamaican Globigerina deposits 
were close to the slope of the nucleal islands which persisted as tips of 
laud during this epoch. 

The succeeding Post-Montpelier upward movement brought up the 
bottom not only to sea level ( ± 10,000 feet), but raised it at least 3,000 
feet above it, which would equal an elevation of 13,000 feet. As the 
highest mountain peaks of Jamaica now stand 4,325 feet above the ma- 
terial deposited in the Montpelier subsidence, they must have reached at 
the culmination of this elevation altitudes of over 17,000 feet above the 
sea. As great as these heights may seem, they do not greatly exceed 
that of tho summit of the Sierra do Santa Marta, which now stands 
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beeide tho Caribbean ahore of Colombia, and of other known high peaks 
like Orizaba nad St. Elias adjnceut to the PaciRa shore lines of our owu 
coDtinout. 

So grand a eubaidenco and elevation as thia must surely bare left 
Botne record in tlie present submarine topography of tho wliola region, 
and we cannot coutemplate maps of Buoh phenomena without coming to 
Bomo very definite opinions wiiich will be elucidated iit Part V. Xeither 
could the maximuDi of elevation have failed to expand the areas of the 
Antillcau lands, and to unite many of tho islands or even the mainland 
together, especially bad their geographic areas been greater then thua 
now, which hypothesis seems teniible. 

The amplitude of the Bowden subsidence could haixlly have exceeded, 
if it reached, 3,000 feet (,500 fathouiB). The data for this coudusiou aro 
as follows : — Tho npper and lower limits of the deposition beds of this 
epoch are now practically visible. While thoy have, no doubt, been 
attenuated by erosion and their thickness has not been finally measured, 
they do not eiceed 500 feet in thickness. The lithologio and sedimental 
character of the beds indicate a ifipid gmdation from off-shore to moderate 
oceanic depths. The fundamental beds are gravels, much water worn, 
embedded iu marl, but contain no plant remains or other indications of 
ultra shallow deposition, nlthougb laud shells do occur sparingly in them. 
The fauna could nnt Imve lived at depths nf ever 500 fiithonis. 

The presence of nearly four hundred species of Mollusca in a single 
horizon of one of the basement beds at first suggests immediate littoral 
conditions. Their mode of occurrence iu the gravel, however, indicates 
slightly deeper or off-shore conditions or origin, for had this gravel been 
near the beach line the delicate shells would have been ground and 
broken into breccia by wave action, and it is probable that they were 
too deep to be influenced by any such action. The mollusca are such as 
lire at present at depths of less than 100 fathoms. The several species 
of Foramiuifera, Bryozoa, and corals, especially tho last, which are all 
simple non-reef-building s])euic8 of tho type which Pourtal&s has men- 
tioned' as having probably lived at an average depth of 4.50 fathoms, 
indicate abyaial or continental deposition. These facts indicate that the 
basal Bowden beds, now exposed at sea level, were slightly below sea 
level at tho beginning of the Bowden subsidence, and that the amount 
of the depth must be subtracted from the total thickuess of the Bowden 
to ascertaiu the true submergence, which could not have exceeded 500 
fathoms. 

> Cited by Agmsii, "Tliree Cruisei of Hie Blake," Vol. 11. p. 10. 
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The Post-Bo wden (Miocene) emergence equalled the combined thick- 
ness of the Bowden beds, the depth of deposition and their present 
altitude above sea level of about 300 feet, or a total not exceeding 
1,000 feet. This movement was to a certain extent erogenic, resulting 
in deformation by tilting and differential elevation, the rocks being 
inclined as high as twenty degrees in places. 

The amphtude of the Pliocene subsidence, if there was one, judged 
from the thickness of the Pliocene deposits, could not have exceeded 
the interval between the present 100 foot contour of the land to about 
the 100 fathom line of the sea, or a total of 700 feet. It was probably 
much less. This was sufHcient, however, to restrict completely the 
island to its present insular condition. 

The Pleistocene-recent emergence in Jamaica can be measured by the 
position of the top of the emerged Pliocene rocks above the sea (200 
feet), and a conjectural supposition that they were deposited at a depth 
of over 100 fathoms, or a total of at least 800 feet. 

The foregoing estimates platted upon the diagram (Figure 40) are not 
g;iven with any idea of finality, but as a preliminary contribution — the 
mere entering wedge — to a subject which future studies will improve, 
amplify, and correct. They sufficiently approximate the truth to be 
considered of greater value than mere guesses. 

The number and amplitude of these great oscillations, and the radical 
revolutions in geography which they produced, not only appal the mind 
\)y their magnitude, but have taken place with rapidity, — all having 
practically occurred in the Cenozoic era. Tiiey present a flashing pano- 
rama of gigantic changes. Yet there is reason to believe that these 
movements were not catastrophic in character, but of that dignity which 
accompanies all the great isostatic changes. They are merely further 
illustrations that geologic time is long, notwithstanding our incapacity 
for conceiving the fact. 

The amplitude of each of these movements, if known with exactness, 
would be an important key note not only to Jamaican history, but also 
would throw important light upon the whole of the Tropical American 
region which participated in them, and of which it is the geographic 
centra 
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Kelations of the Jamaican FormationB to those of Adjacent 
Begions. 

Having given every known evidence of paleontology, geologic struo- 
ture, and geomorpbology bearing upon Jamaican history, and haviDg 
presented the conclusious in the preceding Part, this work would not 
be complete -niibout an attempt to point out the extension of tbe de- 
scribed phenomena throughout the adjacent Groat Antilles and other 
reyious of Tropical America, where similar or related geological forma- 
tions and topugraphio features of tlie land and sea should be found. 
While the facts to be set forth in the present Part make no pretensions 
to finality or completion, they will be a further contribution to the sub- 
ject which will asaiat whoever may hereafter take up and continue tliew 
investigations. 

I must leave the diacussion of the biologic and oceanograpbic phaBCS 
of the question to others, and in this place I shall endeavor to discuss 
only the testimony of the stratigraphy and atructural geology, present- 
ing & brief conspectus of the eitent throughout tlie adjacent regioua 
of formntiona similar to or idoiilical with those foimd upon tbe island 
of Jamaica, together with remarks on the source of the material. In 
Part VI. I shall review the history of the deformation, including the 
evidences of elevation, subsidence, and degradation, which often occurred 
synchronously iu different parts of tbe region, and finally make an 
inquiry as to their influences upon tbe present land and submarine 
configuration of the West Indian re^on. 

The regions with which comparison will be made will be: (1) The 
Great Antilles proper, including the Virgin Islands and the Bahaman 
Plateau ; (2) The Caribbee Islands ; (3) Barbados ; (4) The Venezuelan 
coast of South America, including Triuidad ; (5) The Central American 
region, including the Isthmus of Panama and Yucatan peninsula, and 
the Guatemala-Chiapas or Tehuantepec Province ; (6) The Coastal Plain 
of Mexico and the United States. 

la these presentations I shall be able to show that the Jamaican 
sequence, so far as it reaches backward in time, is remarkably like 
that of all the Great Antilles, and may be distinctly termed the 
Antillean type. This type presents great lithologic variation from 
that of the peripheral coast lands of the American Mediterranean, yet 
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their relations are harmonious. I shall also be able to show a remark- 
able differenoe in some respects between the formation of the Great 
Antilles and the Caribbee Islands. 

In Cuba and Haiti alone of the West Indies (excepting Trinidad, 
which is as much South American as is Long li^land a part of the 
New England coast) is it at all probable that Pre-Cretaccous or older 
rocks than in Jamaica are exposed, although theoretically it is even 
possible that the submerged portions of all the West Indies including 
Jamaica may have a Paleozoic foundation. Cuba and Haiti it should 
be remembered, with Porto Kico and the Virgins, are in the main 
axial line of the Antillean uplift, and it is highly probable that older 
rocks occur in them, while Jamaica is an outlier or oUshoot of this 
main axis. 

The Cuban rocks also contain some mica schists and other classes 
of rocks which as yet have not been found in Jamaica except in the 
later debris. Henneken,^ and perhaps others, have described micaceous 
schists of supposedly Pre-Cretaceous age in San Domingo. Duchassaing^ 
has described a Paleozoic coral {Favosites Dletzii) from St. Thomas. 
Cleve,^ however, was inclined to believe that this specimen is not native 
to the island. 

Castro and Salterain^ consider that in Cuba there occurs a consider- 
able range of Pre-Cretaceous rocks, some of which wore questionably 
considered and mapped as Paleozoic. Salterain has referred certain 
formations, notably in the western province of Pinar del Rio, which the 
writer has not had opportunity of personally studying, and an area 
near the city of Trinidad, to the Paleozoic, Triassic, and Jurassic 
periods. * 

With the exception of the foregoing, and certain observations of 
Frazer and Bergt to be noted later concerning the islands of Cuba 
and Haiti, there are no records of exposures of any Pre-Cretaceous 

1 On Some Tertiary Deposits of San Domingo. Quart. Jour. Geol. Soc. London, 
1863, Vol. IX. p. 115. 

* Mem. della Acad. dell. Seien. di Torino, 11 ser, Tom. XIX. p. 84, 1860, and 
Ibid , 1866, Tom. XXIII. p. 199. 

* Geology of the Northeastern West Indian Islands. By P. T. Cleye. Stock- 
holm, 1871. 

* Croquis de la Isla de Cuba, 1869-1883. 

* Lea has also described from near Havana two Brachiopods, Terebratula poeyana 
and Rht/nchonella tayhriana, which are very similar to certain forms from the 
Jurassic of Mexico and South America. See Trans. Amer. PhiL Soc., Fhila., 1841, 
Vol. VII. pp. 268-260, PI. X. Figs. 12 and 13. 
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roclu in tbe West Indies, and while we are williog to grant that they 
m^y have occurred, tbeir exposure baa been so completely covered b}- 
tbe more recent eventG of sediuteotation, vulcantsm, and diastrophism 
tbat the interpretable bistory of the islands may be said to commeaco 
with Cretaceous time. The rocks and general section of the Great 
Antilles all present otherwise a great reeemblaDce to those of Jamaica, 
oa will now be shown. 

Clastic rocks composed of water deposited tuffs and volcanic debris, 
with occasional Cretaceous fossils of tbe type of tbe Blue Mountain 
Series, constitute the basement formation of the interpretable geologic 
series in all tbe Great Antilles as in Jamaica, and form the summit 
masses of high mountain topography, showing that the present con- 
figuration at least lias largely been produced since tbe Cretaceous 
period, 

Kocks of the character of tbe Blue Mountain Series, which constitute 
tbe fundamental formations of Jamaica, have wide occurrence through- 
out the other Great Antilles, Cuba, San Domingo, and Porto Rico, 
and the Virgin Islands of St. Thomas, St, John, Tortoia, lost Vaudyck, 
Sandy Key, Guana, Camanoe, Scrub, Mosquito, Prickly Pear, St. James, 
Dog, Savanna, and Inside Bras ; also ou the islands of St. Croii and 
St. Bartholomew,' where they constitute tbe oldest rocks. In some of 
these localities these rocks of the clastic basement group have not been 
separated from the overlying Richmond and Cambridge formations. 

In Cuba these clastic rocks constitute the high divides of tbe Oriente, 
and occur to tbe westward below the limestones in insular spots as 
in Jamaica. In addition to the hombleude-audesito gravel which pre- 
dominates in Jamaica, the Cuban and San Domingo beds contain debris 
of the older rocks not found in Jamaica. 

In tbe Republic of San Domingo' formations analogous to the Blue 

) Geolog; of the Northeastern We*t Indisa Iilanda. B; P. T. Cieve. Stock- 
holm, 1871. 
^ The gealog7 of the iiiand of Haiti or San Domingo ha* been partially 

studied by several geologiita. These XiKlieB have been largely confined lo tlie 
eiutera Republic of San Domingo. So far na we are aware, there ia hardly a 
finale publiahed contribution to the geology of the western Republic of Haiti. We 
have in our possesaion, however, aoiue important unpublished minor manuacnpts 
by G«l.b. 

ThoiB who have made reieHrchei of the iBlanc! lince 1804 were SchombDrgll 
(1851), Don Manuel Fernnmlei lie Castro (during the Spaniih annexation). Hen- 
neken (about 1859), Prof. Gabb (about 1870), and the geologiata of the United 
State* ComniidBion, W. T. Blske, J. S. Adama, and A. R. Marvine (1871), and L. 
Gentil Tigipenhauer. Or Ilieae it may be «aid tliat the reaearchea of Schomburgk. 
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Mountain Series have great deyelopment where they constitute the 
highest mountain summits, the Pico del Yaqui, reaching an altitude 
of 9,684 feet (2,955 meters) according to Schomburgk. They are also 
probably the nucleal material of the Republic of Haiti, and its two 
westward extending peninsulas. This formation has been described 
by Oabb^ as the Sierra group, and his descriptions in every way 
coincide with it as it occurs in Jamaica, except that it contains some 
(p*avel of different material 

The occurrence of these rocks in the islands to the east of San 
Domingo is based upon the descriptions given by Cleve in his ex- 
cellent work on the Northeastern West Indian Islands.^ He has 
described, as the '' Bluebeache " from St. Thomas,' a formation fully 
69OOO feet in thickness consisting of stratified conglomerates and tuffs 
largely made up of homblendic igneous material, which he says also 
occurs beneath the white limestone formations, on the north side of 
Porto Rico,^ and which he considers probably of Cretaceous age. He 
lias also described the same formation from the Virgin Islands to the 
eastward. 

This formation, which is over 5,000 feet in thickness in Jamaica 
and 6,000 feet in St. Thomas, is the most important landmark in 

Henneken, Gabb, and Tippenhauer present prospective views of the general geology 
saccessively controverting in a more or less degree the previous observations. 

Gabb's report on the Geology of San Domingo, notwithstanding its value, 
presents a confusion of data concerning the Tertiary sequence and the white 
limestones in general, very similar to that concerning allied formations in Jamaica. 
After careful study of the work I am of the opinion that he has failed to interpret 
correctly the stratigraphy of these formations. There can be no doubt that he has 
confused the two great littorals, the equivalents of the Richmond and Bowden, and 
clsitified with the Coast Limestone all the limestone formations from the Mont- 
pelier to the elevated reefs inclusive. Furthermore, these errors upon his part 
have led to some very broad generalizations which are utterly untenable. 

Of these writers Gabb has given by far the largest and oftenest quoted report, 
while Tippenhauer gives the latest and best general summary (Die Insel Haiti, 
Leipzig, 1893). The recent researches of Bergt, noted on a later page, alleging 
the possible existence of an older plexus of Pre-Cretaceous rocks were not pub- 
lished at the time of Tippenhauer's contribution. While Tippenhauer's age con- 
clusions are not always reliable, the sequence which he gives of the rocks is the 
first logical presentation thereof, and presents a remarkable analogy to the general 
Jamaican sequence as set forth by us, as will be seen by the section on page 172. 

* Topography and Geology of San Domingo, p. 83, and unpublished manu- 
•cript in the library of the U. S. Geological Survey. 

* Kongl. Svenska Vetenskaps-Akademiens Handlingar, Bandet 9, No. 12, 1870. 
> Geology of the Northeastern West Indian Islands, 1871, p. 4. 

* Ibid., pp. 14, 16. 
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Antillean history, representing as it does the commencement of a con- 
lecntive sequence of events fV*ora late Cretaceous time to the present. 
[t is clearly the debris of a vast volcanic extrusion which in late Cretar 
DeouB time completely obliterated and revolutionized all the antecedent 
relief. The age of this eruptive epoch is clearly late Cretaceous. 

In San Domingo,^ St. Thomas,* and Porto Rico, these formations are 
Mvociated with limestone beds and Cretaceous fossils in part, resembling 
in species and faunal associations those of Jamaica, and in part contain- 
ing species not found in the latter islnnd. In Cuba' both the Jamaican 
und continental types of Cretaceous fauusB are found. 

The data seem to point to the fact that the whole region of the Great 
Antilles proper, including the Virgin Islands, St. Croix, and St. Bar- 
tholomew, was the site of active vulcanism in late Cretaceous time. 

The extent or outline of the Antillean volcanic disturbance of late 
Cretaceous time cannot be delineated. It is an important fact that no 
Cretaceous fossils or formations analogous in age to the Blue Mountain 
Series are known to occur in the Caribbee Islands proper and Barbados. 
There is slight evidence, however, that the Cretaceous rocks and fossils 
of Central America are of the Antillean facies. The sparsely developed 
Cretaceous formations of Central America known to occur only in the 
Chiapas-Guatemala district as reported by Sapper,^ and the San Miguel 

^ From San Domingo, Gabb has reported a serrated oyster, Trigonia, Turritella, 
Ancilluria, PugncUus (?), Mactra, Pterocera, Cucullsea, Lima, an Ammonite, and 
Bacalltes from beds of limestone in the River Mnniel. Tippenhaucr {Op. cit, 
pp. 84, 85) gives the following note on the Cretaceous of San Domingo : ** The 
San Juan valley on Samana, the Pico Gallo on the Central range, the region of 
Pablasas in the south, are types of this secondary formation. These masses, up 
to 800 m. thick, form a zone around the highest elevations. Besides vast, com- 
pact gray-blue and dark limestone masses, there occur mnrl and sand strata, 
riie ordinary fossils are Ilippurites, Nerinca, and Actssonella. Tlie compact 
limestone often encloses Kadiolitcs up to seven feet long. In places the limestone 
Iws been strongly metamorphosed by the influence of plutonic rock ; in such cases 
% resembles serpentine, is exceedingly dense, and has lost almost all its fossils 
t>y obliteration ; it Is also for the most part whiter." 

' The bods of St. Thomas, according to Cleve, contain the fossils Nerinsea, 
ActaeoncUa, Ammonites, Trochus, Pcctunculus, Limopsis, Opis, Venus, Astnrte, 
Corbula, etc., of Cretaceous age. Geology of the Northeastern West Indian Isl- 
inds, 1871, p. 5. 

* In Cuba the Cretaceous fossils, according to Salterain, are ITolectypus, Discoidea, 
[!as8idulu8, and Codiopsis; and, according to G. F Matthew, Ostrea, Exogyra, 
[iioceramus, from a locality in the Cienfuegos road, and a Hippurite limestone com- 
[KMed of Caprinella and Caprotina, corals, a large Oliva, a Conus, an oyster of the 
^ype of 0. cristati. Echini, and sponges from Limones. 

* Grundziige der physikalischen Geographic von Guatemala, p. 0. 
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beds of Costa Rica,' are of a. ulastic uaturc, ittid iutermixed with volcanio 
debris, aud contaia a little studied fauna ot Rudietes quite suggestive of 
the Antillean type. The oldest kuown furmation of Pauama is od un- 
fossiliferuuB nndeBitic tuff of Pre- Tertiary aud probably Cretaceous age. 

No CretaceotiB formationa interbeddcd in igueous depositis aualogous 
to these are kuown to exist on the coast of the !Nurth Americ&u couti- 
iient north of Tehuantepeo, ftlthough, as haa been showa, active vul- 
cauism was in progress during the Upper Cretaceous period in the 
vicinity of Austin, Toxas, and south west ward. Whether or not this 
wsB the moat northern eiteut of the volcnnic phenomena which were 
especially active throughout the Central America, Isthmian, Antillean, 
Andean, and Venezuelan regions at that time cannot be stated. 

The northern portions of the South American continent — Colomhifi, 
Venezuela, and the outlying islands of the Venezuelan seaboard — pos- 
sess Cretaceous faimas of a South American type, including beds of older 
epochs than those found in Jamaica, Ptcroceras, Cerithium, Turritelln, 
Trigonia subcrenulata. Area, Cardium, and Echinus have been reported 
by the official Trinidad Survey' from Cumana, on the mainland near 
Trinidad. 

Stmtified formations of the type of the Eichmond beds, composed of 
impure land derived carbonaceous shales and sandstones grading upward 
into calcareous beds representing the initiative of the great Mid-Ter- 
tiary subsidence, also have wide occurrence in the West Indies, although 
but few attempts have been made at differentiating thorn from the pre- 
ceding group with which they are continuous. 

In San Domingo and Haiti, as in Jamaica, this formation undoubt- 
edly has extensive development. It has been clearly described by Gabb,' 
but confused with the equivalents of the Bowden beds. It la most 
probable that the uptilted coarse sandstones, conglomerates near Bao 
and Yagui, and the shales into which tliej grade as described by him, 
are the equivalents of the Richmond beds. They have a thickness 
between 1,200 and 1,500 feet. Tippenhauer's * description of the 
Eocene conglomerates of Haiti conforms perfectly with the nature of 

I Geological Bistorf of llie Iithmu* of FiDimi and Portions ot Coita Ric*. 
Based upon a R^connoiasance made for Alexander Agaselz, by Robert T. Hill. 
Bull. Mns. Comp. Zoiil.. Vol. XXVIII. No. 6, 18B8, pp. 220, 227. 

« Report on tlie Geology of Trinidad, by G. P. Wall and J. Q. Sawkint, LondoD, 
1860. p, 166. 

' Op.cii.. p. 94. 

• Op. cil., pp. B5, 66. 



HILL: GEOLOGY OF JAMAICA. 175 

the lower part of the Blue Mouutain Series, and the Eichmond beds 
of Jamaica. Concerning these he says : — 

" The Eocene conglomerates consist of sandstones, clay slates, and stratified 
conglomerates. The latter predominate decidedly. The constituents of nearly 
all these beds are almost exclusively of volcanic origin, and are to be attrib- 
uted to the decomposition and erosion of the porphyritic and syenitic rocks, 
especially the former. The porphyritic constituents have in the main imparted 
the red color to this formation. The debris forming these conglomerates is 
granite, especially syenite and porphyry, also trap, more rarely gneiss ; they 
are united by a siliceous cement. Alongside of them are found limestone 
pebbles, whose blue-gray or black color and Hippurite and Nerinea fossils in- 
dicate that they belong to the Jurassic (?) limestone. The texture of the 
yarious beds is loose, where no plutonic masses have exerted a hardening in* 
fiuence. The sedimentary origin, however, remains recognizable in the lines 
of stratification and in the flat rounded pebbles. The strata, varying in thick- 
ness from a few inches to several feet, always appear in regular arrangement. 
At the surface this formation is frequently decomposed into local clays, shining 
ochres, kaolin, various siliceous stones, agates, amethysts, and quartz. Such 
surfaces, either high plateaus or mountain crests, always have a dreary red 
appearance. The clay slates often show a well marked purple color. At the 
base of this formation occur dark colored clay slates ; they seem to extend 
back into the epoch of the Jurassic limestone. There they also grow more 
rich in fossils, and show traces of plants, marine shells, and calcspar veins. Lig- 
nite beds of Email extent lie between the slates. The sandstones bear impres- 
sions of leaves and stems. The higher clay elates are light brown or reddish, 
and form thin beds of friable conglomerates, resting on massive gray sand- 
stones. In the vicinity of eruptive rock the sandstone is hardened, becomes 
crystalline and transformed into quartz ; elsewhere it is soft and friable. The 
slate has been still more changed by heat, having become porphyritic. When 
exposed to the air, it crumbles, the sulphur, iron, and lime being separated and 
forming with the aluminum two diflferently colored clays, red and gray, used 
in industr}'." 

In Cuba the bituminous plant-bearing shales of Esperanza and other 
points in Santa Clara province and in the vicinity of Havana, previously 
noted by the writer * and others, occupy a position below the great 
White Limestone Series corresponding to that of the Eichmond beds. 
So far as is known the outcrops are not widely developed. 

In Porto Rico, the Virgin Islands, and St. Bartholomew, no attempt 
has been made to separate this formation from the overlying equivalents 
of the Cambridge beds, or to distinguish it from the Bluebeache, but 
doubtless future study will reveal its presence there. 

' Notes on the Geology of the Island of Cuba, Cambridge, 1895, p. 246. 
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In the iBtands or Antigua, Guadeloape, and Martinique, of the Wind- 
ward Island group, which are quite different in generic Btruotural 
cliaractor from the Antilles and Virgin Ulands, there are vnst depoiiti 
©f Btmtlfied tuffs vhich belong to several epochs. The lower portioM 
of these are auggCBtivelf like the Kichmond beds in nrmogenient, al- 
though entirely different in composition. AVe are not prepared, how- 
ever, to assert their identity nt present, although there is aome evidence 
of synchronous origin, as some of thom in Antigua clearly underlie 
fossiliferoua beds similar to those elson-hero overlying the Richmond. 
The whole structure of the island of Barbados below the veneering of 
reof rock is eonipoaed of an intensely folded land-derived formation of 
littoral land-derived shales and sandstones (the Scotland beds) whiub 
closely resemble the Richmond Eocene formation of Janiaioft and the 
other localities inentionod, and in otir opinion is identical in nge witli 
them, as will bo shown in a future paper. 

The widely distributed occurrence of such beds of land-derired 
ronterial at the base of the Tertiary in tho Great Antilles and Barbados, 
is suggestive of the existence and destruction of extensive land areaft 
concerning which I can now state but little. Furthermore, these forro»- 
tiona are remarkably siniilar in general character to the synchronoui 
deposits of the continental littoral, as will now be shown. 

Along the continental margins of North, Central, and South Americit 
there are thick formations of approiimately synchronous age which have 
a remarkable and suggestive lithologic and structural resemblance to 
tho Richmond beds of the Antilles, being composed like them of im- 
pure unwashed land derived material accompanied by plant remains and 
bituminous material, everywhere occurring in uniform wide eitending 
alternations of sands and claya indicative of shalloiv marginal deposition 
within the limits of tidal action, and marked by the absence of lime- 
stones of orgaiiic, oceanic, or other than sogregatioual secondary origin. 
Of this nature are the lower and by far the greater portion of the 
Eocene beds of the Southern Coastal Plain of the United States, — 
the Great Xorthem Lignite Group of Hilgard, — which extends as far 
southward as the Tropic of Cancer in Mexico, and the similar forma- 
tions which characterize the closing days of the Cretaceoua and begin- 
ning of tho Tertiary throughout the great Rocky Mountain front. Tho 
lithologic resemblance of the older Tertiaries of the Central American, 
Isthmian, and Colombian coasts of South America to those of the An- 
tilles is equally striking. In Trinidad and Venezuela the Eocene for- 
mation is ftlao represented by a land-derived formation, the Is^aparima 
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beds, which coincides in character with the Bichmond formation of 
Jamaica. 

The wide extent in latest Cretaceous and Eocene time of these impure 
shallow water laud-derived deposits, so alike in sedimentary character, 
is an evidence of changes of level during these epochs when rapid 
erosion and deposition were going on. Around the continental margins, 
except in Panama, the source of the material can be traced to an adja- 
cent back land, but all geologic record of the lands whence the Antillean 
deposits came are destroyed. 

There is also evidence of wide occurrence in the Antilles of strati- 
graphic horizons corresponding to the Cambridge beds of Jamaica, mark- 
ing the rapid transition from the underlying land-derived shales into the 
overlying Oceanic White Limestone deposits of the Montpelier type and 
characterized by its peculiar invertebrate fauna. 

In tbe islauds of Anguilla and St. Bartholomew the shales and con- 
glomerates allied to the Richmond are overlain by or intercalated with 
limestones and marl beds. The faunas of the two islands, as reported by 
Cleve,^ are somewhat different. The fossils of these probable Eocene 
horizons from Anguilla, as enumerated by Cleve, consist of many species 
of molluscan genera, only one of which, Nalica phasianeUoides^ \V. J. G., 
is also reported from the Richmond beds of Jamaica. These Anguilla 
beds were originally referred to the Miocene by Guppy.* Following the 
latter author, Cleve, in describing the fossils, referred them to the 
Miocene. This conclusion was fortified by the identity of the fossils 
characteristic of the San Fernando beds of Trinidad, which Guppy at 
that time also considered Miocene. Guppy in his latest papers has 
referred the San Fernando beds, together with those of Anguilla,' to the 
Eocene, and the latter age must now be accepted for the Anguilla beds, 
which are worthy of further investigation. 

In St. Bartholomew certain beds referred to the Eocene by Cleve * 
and Guppy * have a most decided Cambridge aspect. Nearly every fos- 
sil genus mentioned from them is identical with those found in the 
Cambridge and Catadupa beds, including the peculiar gigantic Cerithium, 
Terebratula, and the Echinoderms Macropneustes and Echinolumpus, — 
genera which were found by me in the Cambridge beds of Jamaica. 

1 Op. cit, pp. 22-26. 

2 Quart. Jour. Gcol. Soc. London, 1866, Vol. XXII. p. 297. 

* Geol. Magazine, London, September-October, 1874, p. 2. 

* Op. cit., p. 44. 

* Geol. Magazine, London, September-October, 1874, p. 2. 

VOL. XXXIV. 12 



173 BULLETIN: MUSECM OF COMPABATIVE ZOOLOGY. 

Tliers is uo evidence tfa&t beds e<tuivaleiit to tbe Csunbridge &r« repre> 
seated at aU in tbe other ialaDda of tbe maiu chain of tbc Wiudsard 
lalauds, unleBs tbe Orbitoides nnd NutnmuUnfe of Antigua, described 
by Jones ' from an uukuswn stratigraphic horizon, belong bere. I am 
disposed to consider tbem not later tbao tbe sncceediug Moutpclier 
humon. 

In Barbados and Trinidad it may be possible that tbo Cambridge 
horizon is represented by a certain formation characterized by A'ucula 
ichojnbarti, which is closely associated irith the base of tbe eqiiivaleuts 
of the MoDtpelier beds DOit to bo dc^scribed. 

In Saa Domingo, as described by Uabb,' the Yaqui shales, like the 
Eichmond shales of Jamaica, grade up into 400 feet of locally varying 
beds, vehioh, like the Cambridge, are "yellowish or broivn or bntf color,'' 
and like tbem contain corals and Orbitoides. Many of tbe fossils noted by 
Qabb, espeoiolly the Orbitoidea and Nuinmulinoi, are aimilar to those of 
the upper part of tbe Cambridge beds of Jamaica, where they grade into 
the Montpelier beds. Conrad * has preriouBly asserted the Eocene chai^ 
acter of tbe fossils of this forni&tiou, which Gabb erroneously included in 
his Miocene. 

Tippenhauer' has more clearly described the liaitian equivalent at 
the Cambridge than Gabb. His description of tbe beds leads me to be- 
lieve that tbeyare identical with the Cambridfrii beds of Jamaica in age, 
composition, thickness, and fossils, thereby indicating a similar geologic 
history during this epoch in the two islands. His descriptions are as 
follows ; — 

" The yellow limestone lies above the conglomerates and below the white 
limeatone, lis peculiar yellow ochreous color makes it readily recognizable. 
Bright yellow marls and blue gray clay alao occur in this formation. Tbe 
boundary line between the white and yellow limestone is very indistinct, ex- 
cept that the white limeatone is poor in fossils, while the yellow is exceedingly 
fossil iferous. It is very rich in Foraminifera, Ostrea, and Echini. Instead of 
the great compact masses of the higher-lying white limestone, the yellow lime- 
stone ahowa series of distinctly atratilied thin beds. For the most part thew 
strata consist of yellow, sandy, or clayey marl. In some places tbe limestone 
is compact and crystalline. In such canes it forms a fine marble ; in others 
it is impure and verges toward sandstone. The total thickness of this tol- 

> Ttie Geologist, London, Jannary, 1864, pp. 102-lOfl. 
a Op. cli., p. 94 r,i xq. 

* Smithsonian Mlicellaneous Collection No. 200, p. 37, and Proc. Phila. Acad. 
N»L Sci., 1852, p. 198. 
» Op. cit., pp. 86-87. 
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mation may be about 200 meters. The formation of the yellow limestone, 
essentially marine in character, seems to have been terminated by river-mouth 
deposits, since its highest strata consist of shells and carbonated clay slates, 
containing brackish water. At this period the formation must have been almost 
on a level with the surface of the sea, but after it, during the deposition of the 
white limestone, there was presumably a great epoch of depression ; the yellow 
limestone must have descended to considerable depth to allow the formation of 
800 meters of white limestone. A remarkable peculiarity becomes apparent at 
the surface of the yellow limestone. After the primitive forest has been cut 
down, no other trees grow on it, but only a graminea (Anatherum hicomt). 
This phenomenon is so characteristic that it indicates the boundaries of this 
formation. Owing to the extraordinary porousness of the white limestone, 
water readily seeps through it, and, unless carried off by imderground flow, it 
descends until it reaches the impervious clay of the yellow limestone, and there, 
under appropriate conditions, gushes out of the ground. 

** Among the common fossils of this formation are Cardium, Ostrea, Trochus, 
Natica, Cerithium, Conus, Serpula, Echinocyamus, Echinolampus, Orbitoides, 
and Corals.'' 

Every detail above noted corresponds exactly with the character of the 
Cambridge beds of Jamaica. 

Formations allied to the deep water Montpelier bods of Vicksburg age 
(late Eocene of old writers, early Oligocene of Heilprin and Dall) con- 
stitute an especially important landmark in Antillean history, and have 
wide occurrence. White limestones made up of .Globigerina chalks or 
white siliceous deposits composed of Radiolaria occur in Cuba, Haiti, Bar- 
bados, and Trinidad. • In Barbados the Globigerina chalks grade down 
into pure Eadiolarian earths, constituting with them a related and con- 
tinuous formation, which in turn overlies the older Eocene Scotland for- 
mation, composed of land derived sediments like the Richmond beds, 
and are folded together with them in the most complete mountain struc- 
ture. This association of the Globigerina and Radiolarian beds in Bar- 
bados establishes the intimate relations of the deposits. 

At Baracoa in the northeast part of Cuba, and Port Jer^mie, on the 
north coast of the southeastern peninsula of Haiti, Radiolarian earths 
occur in great abundance. I was so fortunate in my explorations of 
Cuba as to ascertain the exact stratigraphic occurrence of these Radiola- 
rian earths unconformably beneath the late or Bowden Oligocene, then 
called Miocene by Dall.^ In the light of my later researches in Jamaica, 

^ Notes on the Geology of the Island of Cuba, Bull Mus. Conip. ZoGl, Vol. 
XVI. No. 15, Cambridge, 1896, p. 263, PI. I. Fig. 5. 
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I bave no hesitntion in conEideriag this bed Bjmchronoua in age nitli tbe 
Montpelier cLolk of Jamaica. 

la Cuba foraminiforal white limestones of the Montpelier type hare 
vide exteut, especially in the wcetem and central portiaus of the island, 
notibly in Havana and Matnnzos. ' 

The Eocene system of Cuba, as described by Castro,' Salterain,* and 
Yalentin Peleterro,' undoubtedly iucljdes the equivalents of our dim- 
bridge and Montpelier beds. Among the characteristic fossils are OrU- 
toide» taanUUi and Aturia sigzag. Sow., the latter from Xa CrioUa, near 
Havana, and from the Sierra ilc Santiago.* According to Salternin, tbifl 
ia also the same sjietieo as that called Naafilat eabaemU by Lea.' These 
fossils occur in a white limestone very much like that of tho Montpelier 
beds of Jamaica, and have wide occurreuce. 

That the Cambridge and 3Iont]>eIier beds have extensive development 
in Haiti and San Domingo there can be no doubt. This the reader 
can readily ascertain, if, after reading tliia report, ho will peruse the 
descriptive portions of Gabb'a Ueology of San Domingo, although 
Gabb does not differentiate the white limestones of the upland or in- 
terior from that of the coast formations, but confuses tliem together 
under the head of the Coast Limestone, in the very untenable thesis on 
pagea IOS-112, In numerous places in the descriptive portion of hia 
report tho upland limi>Btones are described in a manner that leaves no 
doubt not only as to their existence but also their differentiation into 
the several kinds we have described from Jamaica and Cuba. He notes 
in many places the occurrence of Orbitoides, and says,' " It has more 
than once proven of great value to me in distinguishing these limestones 
from the overlying Post-Pliocene calcareous beds." Furthermore, ou 
page 144 of his report, he speaks of a Nummulite form which is found 
throughout the Dominican " Sliocene from the blue shale at its base 
to the top of the series." In his unpublished manuscript in the Library 
of the United States Geological Survey, entitled "Additional Notes on 
the Topography aud Geology of San Domingo," he further comments on 

• Praebas Paleonlologicfts, etc. 

* Apunlpa para nnn Descripcion FJeico Geologies de la Habana j Guanabacoa, 
Madr[d, 1880, pp. S0-)0. 

' Apunt^B Gw»logicos referentes a1 Itinerario de Sagua de Tnnamo a Santa Cata- 
linn de Giiantanamo, Bolelin de la Comi»ion del Mapa Geol6gicn de Eipafia, Tomo 
XX. pp. 80-)18. Madrid, 1805. 

* SaUerain, lot. ciL, p. 3T. 

s Tram. Am. Phil. Soo., 2d Series, Vol, VII., Plale X. Fig. IS. 

• Page 96. 
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the occurreDce of the Nummulina as characteristic of the otherwise un- 
fossiliferous lower Miocene and its discovery in Haiti. From his details 
there can be no doubt that the Post-Cretaceous sequence of Haiti and 
Jamaica are identical in lithologic and paleontoiogic character, consisting 
of Richmond-like shales at the base with Orbitoides passing up into Mont- 
pelier-like limestones with Orbitoides and NiimmtUites, In the chapter 
on "The Geology of the Monte Cristo Range/' pages 162-173, he shows 
that the Orbitoidal White Limestone, as in Cuba and Jamaica, occurs to 
heights of 2,530 feet. This limestone at Monte Cristo is foraminiferal 
ud of great purity, and like the Montpelier of Jamaica does not weather 
into red soils. It is also interesting to note that in San Domingo as 
in Jamaica the Nummidince and Orbitoides occur in the limestone, and 
:he latter extends down into the shale. 

Tippenliauer has described the white limestones of Haiti more fully 
:han Gabb, but like the latter refers them to a more recent age. Under 
;he head of the '' White Limestone " which he says covers five eighths 
if the island, he describes several varieties which perfectly conform with 
:he descriptions of the Jamaican rocks. Unfortunately, however, he 
noludes the coast limestone or elevated reef rock in this category and 
issigns the whole to the Post-Pliocene. 

Concerning the Haitian Radiolarian beds nothing is known regarding 
;heir stratigraphy, the material being known commercially only from 
i>t. Jer^mie. From the similarity of geological structure and sequence 
>f that end of the island, and in the absence of information to the con- 
Tary, we can at least infer that the Radiolarian beds of this locality 
tre closely related to those of Cuba and the Montpelier chalks of 
famaica. 

The Radiolarian and Globigerina earths of Barbados have been made 
;he subject of extensive researches by Jukes-Browne and Harrison,^ 
jrregory,^ and others, and the geology of this island has been recently 
;horoughly restudied by the writer. 

The details of this structure are elaborated with great minuteness in 
;he publications of Jukes-Browne and Harrisou. With the exception 
;hat they referred the Radiolarian earths and the underlying Scotland 
»eds to newer epochs by cue stage than that to which I think they 
)elong, their reports are in general correct. 

In Trinidad beds of Radiolarian and Globigerina chalks occupy the 

1 Quart Jour. Geol. Soc. London, 1892. Vol. XLVIIL p. 103. 
* Paleontology and Phjsical Geology of the West Indies. Quart Jour. GeoL 
Soc London, 1805, Vol. LI. p. 203. 
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Bame relative position above folded terrigenous formations aa in Bar- 
bados ftud Jamaica. Tlie^e beds, variously called Sun Fernando anil 
Napartma by Guppy, contain the characteristic Globigei-iRoe, Orbitoidt*, 
and Nummuiiivx of the Cambridge and Tiloutpclier beds of Jamaica, and 
in Guppy'x latest papers are referred by him to the Eocene,* although 
for many years he placed them in the Miocene, The position of the 
white Sadiolarian marls above a great aeries of clays and saodstoncs 
resembling the Scotland rocks of Barbados (Kichmon J beds of Jamaica) 
has been later confirmed by the observations of Harrison.' 

Exteusive deposits of Badiolarian earths occur nowhere, so far as we 
are aware, adjacent to the eastern side of the American continent, Tiio 
ooonrrence of these apparently syuclironons oceanic beds in the widely 
separated West Indian localities of the Antilles, Trinidad, and Barbados, 
indicate deep water conditions in each of the regions. 

The Vicksburg-Jaekson formation of the Gulf States Tertiary is in 
my opinion synchronous with that of the oceanic beds of the Montpelier 
epoch of the Antillean region, and are probably the n'trthem shallow 
attenuation of the oceanic beds of the West Indies. They are charac- 
terized by the species Orbitoula manletli, and in Florida JV/immtilinw 
also occur. Although composed largely of oceanic material they ore 
shallower beds than the AntiUeau formations. The visible effect of 
the Antillcan subsidence reflected in the sediments of the Tertiariesof our 
southern coast was to change their character from the n on- calcareous 
nature observable in the Claiborne to more calcareous deposits of the 
Jackson and Vicksburg beds. In Alabama and Mississippi the Yicks- 
burg beds, with the overlying Jackson, are white limestones, the 
combined thickness aggregating about 500 feet. In Florida the 
Vicksburg beds outcrop in the northern portion of the State. Be- 
neath the Pliocene coating of Southern Florida the Vicksburg beds, 
as eiposed by well drillings, have a thickness of 200 feet, and contain 
the characteristic Orbiioidet and NummuHiiw. Their microscopic nature 
has not been investigated. These beds are characterized by the three 
genera of Foraminifcra, Orbiloidei man(rfft (the Orbitoides limestone"), 
NummuliTuT,* and Milolid<w,* which are so abundant in the lower part of 
the Montpelier of Jamaica and Southern Mexico. 

1 Quart. Jour, Geol. Soc. London, 1892, Vol. XLVni. pp. 61 - -624. 

' Quart. Jour. GpoI- Soc. London, IS92, Vol. XI. VIII. p. 218, 

» Dall, Bull, 84, U. S. Geological Survey, page 101. 

' Heilprin, cited by Dall, Bull. 84, U. S. Geological Survey, pages 103, 101 

6 Ibid., p. lOi. 
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•Beds of the Yicksburg horizon have not been discovered between 
Yucatan and the Mississippi. Agassiz^ lias reported tlie beds of the 
Yicksburg epoch as constituting a ridge along the southern peninsula 
of Yucatan. Orbitoidal and Nummulitic limestones form a belt of strata 
in Chiapas and Yucatan back of the later marginal coast furmations. 
A. Agassiz's observations, notwithstanding Heilprin's denial, have been 
confirmed by the more recent explorations of Dr. Karsten, J. Felix, and 
H, Lenk.' These authorities show the existence of Orbitoidal and 
Nummulitic limestones in the vicinity of the ruins of Palenque and other 
localities, and prove according to them the existence of marine £ocene 
strata of the Alpine Nummulitic and Orbitoidal limestone facies in Yuca- 
tan, Mexico. 

The only known locality of this formation around the margin of the 
Caribbean is in the uptilted beds at Guallava, Costa Eica, 150 feet 
above the sea, which Dull has identified from collections made by the 
writer^ as reported in my work on the Isthmus of Panama. In Costa 
Rica at least, the Yicksburg beds are of an impure non-oceanic nature, 
occurring as in the Antilles above igneous derived rocks. 

Although the Bowdeu fossils are reported to have wide extent in the 
tropical region' by paleontologists, the formation has not been clearly 
defined stratigraphically. According to Dall the molluscan clement 
of the fauna is homotaxially equivalent to the Chipola, Tampa, and 
Chattahoochee beds of Southern Florida, and occurs also in Trinidad 
and Cura9oa. It also occurs around the continental perimeter along 
the Carribbean side of the Isthmus of Panama, where the formation has 
been descril)ed by the w^riter as the Monkey liill bcds^ of Panama and 
back of Chiriqui lagoon. There can be little doubt, however, that the 
sediments of this age have considerable extent along the Talamancan, 
Panamic, and Colombian coasts of this general Isthmian region. 

The equivalents of this formation are known in Cuba, and its fossils 
firom Haiti. It has great development along the north coast of Cuba 
especially towards the eastern end, where it is composed of the yellow 
clays and gravel beds called Miocene (after Dall) in the writer's papers 
on that island,' and is well developed at Matanzas, Xuevitas, Gibara, 
and Baracoa. I now have little doubt, in the light of later experiences, 

1 Three Cruises of the Blake, Vol. I. 

2 Neiics Jahrbuch fiir Mineralogie, 1895, Bd. 11. pp. 207, 208. 
» Proc. IT. S. Nat. Mus., 1806, Vol. XIX. p. 804. 

* The Geolofrical History of the Isthinus of Panama, p. 176. • 
^ Notes on the Geology of the Island of Cuba, Cambridge, 1805. 
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tint tbe medial limeatotiei of mj seciioD kt the entmnce to tiie ^at 
uuptutimtra of UatuMM t* also of this f<inii*UoD.> 

Frnat the Ditinetmia [MlecNilokigwal deoniptioiu of Dnnoui, Gabb, 
Capfijr, and otben, this ronnatiDii u tbe daaaical " Mioeene " of Haiti and 
a^n Domingo, altlwugti ouvfol cesn:!! of tlie writingB of all thcH 
autlun taHa to icreal any Mntigraphic data ooncenung it other than 
tint inanj of the Bpecie« came frura certjun beds near Nirnje. 

There m also reaaoa to believe iliU tbe Bucdeo beds are pro^rcsuvelj 
more tbaUow iu natun from Jamaica tovaids Haiti. Gabb there 
enconnterad tbii character of formation in eontact nitb tbe situilor 
appearing KiduDond and Cambridge beda, and oonfuaed them together, 
— a m irtake which boa be«n made by nearly all Gret sorker^ in regions 
where aggradatHMial terrenes of similar composition are in contact witta- 
cKit a cooapieuouB intervening dej-uslt. Gabb himself notes tbe dupli- 
cuioa of sedimentation cycles in succeeding epochs* and these very 
eondittons may bave eonfuBed bim iu San Bomingo, aa they hare 
otben in Jaianica. 

It is probftble that they may occur in Antigua and other Windward 
Isliuidi^ bat eiploratiou bas not sulBciently progressed to justify a 
punitiTe opinion. Beds of Antigua which we consider of a later age 
tban tbe Itowdea beds of Jamaica, and usually discuaaed with them 
nndt-r tlie ^neral hea^i of the Miocene hy Gu]>[>_v, Duncan, and others, 
may prove to be identical with the Bowdeo. In these islands the vast 
formations of sedimentary volcaoic tuSs were probably being made 
during this epoch. 

Close studies convince me that these beils are lacking in Barbados, 
their position being occupied in the latter island by the unconfurmity 
between the oceanic (Moulpelier) beds and elevated (Pleistocene) reefs 
during which time land existed there. 

According to Dr. Dall the later or tnie Miocene is unrepresented in 
tbe fossil faunas of the West Indies, during which time the island 
areas may have had greater expansion than at present. He refers nil 
the formations hitherto called Miocene to the Upper Oligoceue. It is 
my opinion that the differentiation of the faunas of these two epochs 
needs much research. In Antigua and Porto Kico undoubted Miocene 
exists. 

Vast aggmdational deposits of the Kingston type similarly laid down 
on pre-eroded troughs, benches, interior basins, or other erosion sur- 

1 Note* OD the Geologj of the Island o[ Cubs, Plate I. Fig 4. 
« Op. cit.. p. ISO, 
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faces, are preseut in Haiti upon even a more extended scale than in 
Jamaica. They are well developed in Cuba. They are probably absent 
from the Windward Islands so far as I can ascertain and especially 
Barbuda, Barbados, Martinique, Dominica, and Antigua, which I have 
especially studied. In Antigua there is some evidence in the configu- 
ration of the Pre-Kingston erosion epoch which is still largely sub- 
merged. No formation compai^able to the Kiugston has been recognized 
on the mainland of Panama. In the Coastal Plain of the United 
States and Northern Mexico the so called Lafayette formation of 
McGee and its extension into Arkansas (the Plateau Gravel) and Texas 
(the Uvalde formation) is identical in method of origin, although of 
course not continuous in extent with it. These beds are an important 
landmark in the physical history and relations of the Antillean region. 

The Manchioneal (Pliocene) marls of Jamaica cannot be positively 
correlated with other regions, owing to the vagueness of the criteria 
for determining beds of tliis age. That marginal Pliocene formations 
exist in Cuba, Haiti, and Porto Rico is well known, while the beds (£ 
Moen, Costa Rica,^ and certain formations of Trinidad, Guadeloupe, 
Antigua, and other of the Windward Islands may be contemporaneous. 
Formations of this age have also been reported as extending far inland 
towards the foot of the central summits of Tehuantepec* Marine 
formations of supposed Pliocene age are also extensively developed in 
Florida and South Carolina. Catalogues of Tropical Pliocene inverte- 
brate faunas are given by Gabb in the Appendix to his San Domingo 
Report, and of Florida and Yucatan by Ileilprin * and Dall * from 
Tehuantepec. 

Elevated reefs, fossiliferous calcareous marls of the Falmouth type, 
and aggradational deposits of Pleistocene or later age have wide and 
extensive development in the marginal regions of Tropical America. 
These are all connected phenomena dependent for their origin upon the 
submergence and re-elevation of the pre-existing platforms and benches, 
and owe their present position to elevations in late geologic time. 

The Falmouth formation, composed of clastic shell limestone, prin- 
cipally molluscan, is synchronous in origin with the elevated reefs. 
Littoral and lagoonal debris and beach wash preserved as marls and 
white limestones of this character are extensively developed in Haiti 

1 W. M. Gabb, Journ. Acad. Nat. Sci. Pliila.. 2d Series. Vol. VIH. No. 4, p. 849. 
« J. W. Spenc©r, Bull. Geol. See. America, 18^)7, Vol. IX. pp. 13-34. 
■ Proc. Phila. Acad. Nat. Science, December, 1890. 
* Bull. Geol. Soc. America, 1897, Vol. IX. pp. 13-34. 
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and Cuba, and probnbly Saa Domingo, baviag been we]I dcscrlbet) 
frum the Iftst named island by Gabb. The shell forniatioa uuderlyiag 
the coastal awamps of Panama, although having a matrix of huid diibri^ 
is also of Biluilar age. 

A. Agassiz has described at length iu his chapter on the Floridk 
Reefa' the wide extent of somewhat similar formations which constitiitB 
the small keys and reefs of yioridu,' aa well us tha whole of the eastera 
and western coasts of the southern end of the peninHulo.' He has also 
shown that a large part of the peninsula of Yucatan ia composed of 
similar material. 

These furmations are also largely developed around some of tha 
Virgin Inlands, and the peculiar island of Barbuda, which the writ« 
liaa recently studied, is composed entirely of similar rock occurriug at 
two well marked levels 5 and 1 25 feet above the sea. 

This material in the Antilles, Virgin Islands, Yucatan, and Barbuda, 
is chamcterisred by many beautifully preserved Jlollusca embedded ia 
a white limestone chalky matrix. A small spiecies of Btdla, still living 
iu tho adjacent waters, ia specially abundant, sometimes almost entirely 
com posing the mass. 

The true elevated reefs of Jamaica are related to kiudred phenomena 
in many parts of the West Indian region. The term reef rock in thia 
pa|iCT ia restricted to those strata which are composed almost entirely 
of corapotmd coral heads of modem reef building genera, such as 
Porites, Sidei-attrma, Orbicella, Mfandrina, and Mailrrpora^ and does 
not include other white limestones not of unmistakable reef origin. 
Tiie genera and species of these elevated reefs, with two exceptions in 
Barbados found one each by Gregory and Vaughan, are all the same 
as those of tho growing reef of tho region today. The living reefs have 
been reconnoitred and described very minutely by A. Agasaij^ aud he 
has noted the elevated reefs in numerous places along the Central 
American coast, the Tortugas, the Great Antilles, Windward Islands, 
Barbados, and Florida. He has also shown that these reefs were 
formed on shallow submarine banks of less than fideen fathoms, and 
there can be no doubt but the; formed the West Indian region during 
periods of elevation. 

Elevated reefs similar to those of Jamaica are known to border a 
large portion of the island of Cuba. There, as in Jamaica, they occur 
only in benches immediately adjacent to the sea, nowhere a hundred 

I Three Cruises or the Blake. ' Ibid., Vol. I. p. M. 

■ Ibid,, Vol. \. p. 62. 
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feet above its level — in fact not over fifty — although the whole of the 
white limestones of that island rising to heights of 2,000 feet or over, 
have been erroneously attributed to coralline origin by various writers.^ 

Similar low elevated reefs occur completely around the island of 
Haiti, as described by Gabb in a manuscript in the library of the 
United States Geological Survey, which recounts the results of a 
second visit to the island after his large report on San Domingo had 
been published, in which he had erroneously attributed all the white 
limestones of the region to coral reef origin. The writer has seen many 
of these reefs on the coast of San Domingo, and they are in general 
analogous to those of Cuba and Jamaica, although the three subsiding 
stages of the latter island have not been differentiated. Concerning 
Porto Rico and the Virgin Islands we have no data proving the exist- 
ence or non-existence of elevated reefs around their borders. According 
to Clove's description of the Virgin Islands,* and my observations of 
Barbuda, the geological position of the elevated reefs of the Great 
Antilles is generally occupied in these islands by the granular white 
limestone with molluscan remains previously described. Sombrero, 
as described by Julien,' however, is an exceptional locality in this 
general region, as it is composed of elevated reef rock, the Bulla lime- 
stones and lagoonal material. There is some evidence in the reports 
of McClure * and Henry * that elevated reefs occur on the island of 
St. Croix. 

The elevated reef phenomena of the Lesser Antilles are varied and 
peculiar, presenting different aspects in Barbados and on the leeward 
and windward sides of the Caribbee Islands. On the windward side 
of the Caribbees true elevated reefs of the modern type are found bor- 
dering Desirade, Marie Galante, and Grand Terre-Guadeloupe, as noticed 
by Maclure in 1817.* Here they occur as in the Western Antilles aa 
simple undcformcd benches of reef rock standing from six to ten feet 
above the level of the sea. The reefs of Guadeloui)e were described by 
Duchaissang in 1847,^ and were considered by him to be recent in age, 
and synchronous with the upland formations of that island which con- 
tain the remains of fossil man. 

1 Gabb, Crosby, and others. * Cleve, loc. cit.y p. 18. 

• On the Geology of the Key of Sombrero, W. I., Annals of Lyceum of Nat 
Hist, of N. Y., Vol. VII. pp. 261-278. 

• Trans. Phila. Acad. Nat. Sci., 1817. Vol. I. p. 138. 
» Amer. Journ. Sci., 1839^ Vol. XXXV. p. 73. 

• Jour. Phila. Acad. Nat. Sci., 1817, Vol. I. p. 136. 

» Bull. Soc. Gcfol. de France, 2d Series, 1842, Vol. IV. Pt. 2, pp. 1093, 1094. 
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formation above the adjaceut waters, in which similar reefs with the 
same kinds of escarpments are now growing. The altitudes of these 
reefs in Barbados are so distinctly greater than those of the rest of the 
West Indian region that tliey can be accounted for only on the theory 
that the synchronous movement which has produced this result was 
there of much greater amplitude than elsewhere, as will be more fully 
discussed in Part YI. 

A discussion of the formations of Tropical America would be incom- 
plete without a consideration of the igneous extrusions which, from time 
to time, have assisted in producing the radical changes in the geography 
of the land and sea bottom, and broken into the sequence of sedimentary 
events. Yet there has been so little systematic study of the various 
volcanic and intrusive rocks that I take up the subject with great diffi- 
dence. Since the time of their intrusion is only determinable by their 
association with fossiliferous sedimentaries, it is evident, in the light of 
the facts we have given concerning the latter, that we have some data 
for at least approximating with more accuracy than has hitherto been 
attempted the .history of the vulcanism. 

Dr. Persifor Frazer has asserted ^ that there is strong reason to 
believe that the axial range of the entire islands, and of Cuba, Jamaica, 
San Domingo, Porto Rico, and the Windward Islands, instead of 
being igneous extrusions of the Tertiary period, and later, are in reality 
crystallines of much earlier date, and may not be entirely volcanic. 

The considerations which ho advances to support his view are as 
follows : that microscopic analysis " of the rocks which form the nucleus 
of the spurs of the Sierra Maestra of Cuba shows immense alteration 
to have taken place, and consequently a very long period to have 
elapsed ; that the complexity of the congeries of rocks forbids the 
hypothesis of their having been derived from one mass ; that the asso- 
ciated characters are those which one finds united in very many Archsean 
regions throughout the world ; that the products of alteration are 
similar to those in other Archaean districts, etc. ; and that the rocks are 
diabases or dioritcs with epidote, porphyry, actinolite, felsito, orthofelsite, 
and porphyry like that of the South Mountain of Southeastern Pennsyl- 
vania. Professor Frazer adds that a number of the first petrologists of 
Europe who have examined his slides are disposed to consider the speci- 
mens of not later than Paleozoic age, while none are willing to deny that 
they may be earlier. 

1 British Association for the Advancement of Science, Bath, 1888, pp. 664, 
655. 
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While failing to see on irh&t ground Dr. Frazer eiteaded his conclu- 
sions, biiaed upna eiaminatiou of a single locality iti Cuba, to Jtuiiaica, 
Porto liico, tiQ<l tbo Windward Isliiada, it uiaj be possilile that some 
of the rucks of the Sien-a Maeatra range of Cuba are of a P re-Cretaceous 
age, although Kimball has shown that the diorites have overflown the 
Tertiary. PoraouuJly, I have failed to lind any Pre- Cretaceous crys- 
tallines in tbo iucalities cited. 

Dr. W. Durgt baa also strongly advocated the existence of an Archsean 
pleiuH at the foundatioa of Sau Domingo,' uuether of the Great 
Antilles. L'u fortunately, wbilo his argument is strong, like Frazer's 
it is largely hypotlieticnl, and not founded upon eitended field work. 
The substance of his conclusions is as foilows. 

Borgt had licfore him the following rocks from the southern and 
southwestern pails of San Domingo: — Crjatiilline achiats : hnru- 
blcnde gneiss ; pyroxene granulite ; fine-graiued typical hornblende 
schist ; chloritio hornblende schist, thin laminated, pbyllito-like, folded ; 
garnet amphibolite, augite-bearing, eclogite-Iike ; chlorttic schist, etc. 

Older eruptive rocks; normal mica granites, having the appearance 
fioth of mountain granite and vein granite ; protegeno granites with tho 
most distinct evidences of pressure ; horuhlonde granites, even macro 
scopicaJIy so rich in lai^e quartz grains that it is impossible to confound 
them with syenite; syenite subordijiote ; diorite, quartz-dioritc, " Blne- 
beacbo"; diabase; quartz-diabase; picrite, olivine rock, serpeutine. 

Younger eruptive rocks : baaalts in doleritic, aunmesitic, and basaltic 
development, the latter compact and of the nature of a fiuely porous 
lava ; andcsites ; on the small island of Alta Vela also trachytes. 

He concludes that, "while according to Gabb, San Domingo forms 
an exception, showing none but young eruptive rocks with very old ap- 
pearauce, the above series shows quite normally the well known petro- 
graphic and geologic contrast between older and younger eruptive rocks. 
The eruptive rocks designated above as ' older ' differ plainly by their 
state of preservation, by transpositions and new mineral forniiitions, 
from the volcanic rocks; they do not even resemble the transition rocks 
distributed all over America {propyhtes, Andes diorites, etc,)." 

liergt also concludes that the older eruptive rocka of Sail Domingo 
are not the cauttes of the mountain movements, but, on the contrary, 
were themselves subjected to such movements, and bear the traces of 

' On the Geology of San Domingo, by Dr. W. Bergt. Sitzungaberichte und 
Alii isni) tun gen diT nsturwisaengcbafUichen GeaelUchaft liii in Dresdeo, Jahrgang 
1807, Juli Liis Dwembor, Dresden, ItiOS, pp. 1-T. 
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them in the form of so callod dynamometamorphio phenomena ; " ac- 
cordingly they have to be regarded as ' older ' until their younger age 
haa been unassailably demonstrated, which is hardly to be expected. 
The crystalline schists, the last of which might be given considerably 
greater fulness by collections and observations not merely occasionally, 
but systematically, bear in no wise the character of contact metamor- 
phism ; they have to be regarded as normal Archroan ix>cks, though, like 
the older massive rocks, they are in part altered by mountain pressure 
and folded on a small scale/' 

Thus, according to Bergt, in San Domingo, besides the younger strata 
of the Cretaceous and the Tertiary, as the bed rock, there is possibly 
ArchsBan plexus. 

Bergt and Frazer's conclusions, as far as they apply to Santo Domingo 
and Cuba, may be correct, for there are other reasons for believing that 
here and there in the main Antillean chain there are evidences of a 
Pre-Cretaceous buttress, but there is absolutely no stratigraphio evi- 
dence as yet unearthed to warrant the assertions that similar rocks 
occur in Jamaica, Porto Eico, or the Windward Islands, where as yet 
no such rocks have been found, although, except in the last named, the 
clastic and terrigenous nature of the basement exposures certainly indi- 
cate the pre-existence of rock masses of older age than those now known 
in situ. The younger eruptive rocks of San Domingo enumerated by 
Bergt are most probably of Cretaceous and Tertiary aga 

Omitting from further consideration the Pre-Cretaceous crystallines, 
the intcrpretable volcanic phenomena of the West Indian Islands and 
the bordering continental lands may be classified for historical purposes 
into the following time categories : — 

1. Regions where there are no visible signs of vulcanism: Eastern 
Coastal Plain of the United States, Bahamas, Barbados. 

2. Ilegions where vulcanism existed prior to the beginnings of the 
later Mesozoic : The Cordilleras of North America, Guatemala, Oaxaca, 
and Andes', and possibly Cuba and Haiti. 

3. Regions in which vulcanism was greatest in late Cretaceous and 
early Tertiary time : Mexican Plateau, Western Coastal Plain, Panama, 
north coast of South America, Great Antilles. 

4. Regions where vulcanism was active in middle Tertiary time, since 
which it has been quiescent : Panama, north coast of South America, 
and Antilles. 

5. Regions of recent volcanic activity: Southern Mexico, Central 
America, Northern Andes, and Caribbee Islands in part. 



192 bulletin: museum op comfa-RATIve zoology. 

1. There is no evidence that vulcttuism has in any way aifected the 
Aclnutiu Coastal Plain oast of the Sabiue within the periods of geologic 
liiatory boariag upon our probletna, and hence the northern border region 
of the Ameriuan Mediterranean may bo considered aa having been be- 
yond the zones of volcanic disturbancea affecting the Caribbean region. 

2. Vulcanism in Cretaceous time undoubtedly affected all the periph- 
eral regions of the American Meiliteri-auean except the Coastal Plain 
of the Gulf, inclnding the Great Antilles and Virgin Islands, iu nhieh 
detrilal igneous rocks similar to those v,c have desi'ribed as constituting 
tile oiliest formations of Jamaica occur under similar conditions. I have 
seen these old Ci-ctaceons igneous rocks in Cuba, Gabb has described 
them from San Domingo, and Cleve has pointed out tbeir wide extent 
iu Porto Uico, tiie Virgin Islands, and St. Bartholomew. In all these 
Antilleao localities, aa in Jamaica, the rocks are of a homblendic nature, 
occurring largely as conglomerate and tuffs. In fact, the closing days 
of the Cretaceous were essentially marked by vulcanism iu the Great 
Autillee. In my report upon Panama I have shown that au old rhyolitic 
or andeaitic tuff of probable Cretaceous age, but not homblendic, there 
constitutes the oldest discovered formation, 

Tiie occurrence of vulcanism in Cretaoeoua time in tbo Andenn and 
Central American region has been shown by many writers. Iu the 
Cordilleras and plateaui of Northern Meiico the closing days of tlio 
Cretaceous were marked hy vast extrusions of volcanic rocks, while 
volcanic action also sparsely occurred in Trans-Pecos, Texas, and perhaps 
as far north as Little Rock, along the interior margin of the Coastal 
Plain during this epoch. 

In Eocene time vulcanism was especially violent in the Isthmian, 
Central American, and Colombian regions, and along the south margin 
of the Mexican I'latean. The volcanoes of the Caribbee Islands were 
also most probably active in this period. 

There is no evidence that vulcanism occurred in the Antilles or Virgin 
Islands during the Eocene epoch. On the other hand, all data tend to 
show tbat the great eruptive activity of Cretaceous time iu the Antilles 
was followed by epochs essentially marked by placid sedimentation. 

The chief Panamic eruptions ecased at or soon after the close of the 
Eocene, although vulcanism continued in the adjacent Costa Riean and 
Andean provinces, and along the Mexican volcanic belt, until the present 
time. On the eastern slope of Costa Rica the Vicksburg fossils of the 
Gnallava formation are interbedded with contemporaneous basic eruptive 
debris. 
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Some time during the middle of the Tertiary time — probably between 
the Vicksburg and Bowdeu epochs, as we have elsewhere shown — the 
great intrusion of granitoid and dioritic porphyritic rocks occurred in 
Jamaica. The dioritic dikes were probably slightly subsequent to the 
granitoids in sequence, but they are both so intimately associated as to 
be practically inseparable, and hence may for discussion be considered as 
a unit. There is little evidence, excepting in the case of the Low Layton 
basalt, that the igneous rocks of this epoch ever protruded to the sur- 
face in Jamaica although they may have done so elsewhere. In Cuba 
there is evidence presented byKimbalP that eruptive diorites overflowed 
the old Eocene limestones (called corallines by him) of the Sierra Maestra. 
In the vicinity of Havana the Vicksburg limestones are also cut by 
Tertiary intrusives. 

There is abundant evidence that the Mid-Tertiary vulcanism was far 
reaching in extent and afifected all the Great Antilles, Virgin Islands, 
Yucatan, Costa Rica, and the Panamic, Colombian, and Venezuelan coasts 
of the Caribbean. A brief outline of the distribution of these phe- 
nomena on the mainland has already been presented in my Panama 
report.* Kimball ' has described with considerable detail their occurrence 
on the Santiago coast of Cuba. Descriptions of San Domingo by Gabb,* 
and of Porto Rico, the Virgin Islands, and St. Bartholomew by Cleve,* 
also confirm this opinion. Rocks of this general age also occur in St. 
Martin, Burks,* Coopers, Georges, Round Rock, St. Croix, St. Thomas, 
Tortolu, and Salt Islands. Cleve doubtfully refers them to the Creta- 
ceous or Eocene ; but after reading his observations in the light of our 
own researches, there can hardly be the least doubt that they are of the 
same age as the similar phenomena of the Antilles. 

With the possible exception of the Low Layton stock of Jamaica, 
vhich may or may not have been an accompanying event, these rocks 
represent the last indications of vulcanism in the Great Antilles and 
Virgins — where there is no evidence of igneous activity — in the subse- 
quent epochs of late Miocene, Pliocene, Pleistocene, or recent time. 

The Caribbee Islands constitute a unique and peculiar volcanic 
province, the discussion of which, with their general phenomena, can 
now be briefly considered. To those who first look at the map and have 
not considered their minute geology, the Lesser Antilles, extending 
across the east end of the Caribbean from Porto Rico to South America 

' Amer. Jour. Sci., Vol. XXVIII. pp. 419, December, 1884. 

2 Loc. cit., p. 251. « Loc. cit,, pp. 416, 417. 

* Geology of San Domingo, p. 88. * Loc. cit., p. 47. 

VOL. XXXIV. 13 
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appear tie the mcmberB of a kindred archipelago. The Virgin Islands at 
the Dorth are Antillean, while all south of Greaada are South Amer- 
ican iu natural relations. Barbados may also be dretinctlj related 
to the latter categorj. Even after detaoLing these termini the remain- 
ing islands of tbo archipelago lying between the Anogada Passage aud 
Tobago, constituting the Caribbee group, present almost as complicated 
compoeitions. Some of the northern islands, such as Santa Cru^ and St. 
Bartholomew, are also AntJUean in structure, and were it not for the deep 
Anegada I'assnge, which almost severs the latter from the submerged 
platform of the AutiJlos and their presence on a similar platform at the 
Qonh end of the Windward Cbaanel, they might probably be considered 
as Ant il lean. 

The Cnribbco chiuD, however, south of the Anegnda Channel and 4 
north of Trinidad, constitutes a distinct geographic and geologic type, j 
which may beclasflified by composition into three general sub-types aa ! 
follows 1 (1) Volcanic islands composed entirely of igneous material; 1 
(2) Islands composed entirely of organic oceanic sedimcutaiy debris; 1 
and (3) Compound islands, with a higher summit region of volcanic I 
roclis of the first mentioned class, with added areas or benches of sedi- 1 
mentary rocks. These three types are exemplified in Martinique^ 1 
Barbuda, and Antigua. ' 

The Caribbee choiu is divisible into two parallel belts extending 
the length of the archipelago. The innermost of these, facing the 
Caribbean, including Saba, St. Euatatius, St. Cliristopher, Nevis, Mont- 
serrat, Basso Terre, Guadeloupe, Dominica, Martinique, St. Lucia, St. 
Vincent, the Grenadines, and Grenada, are composed almost entirely 
of purely volcanic summits. These islands constitute the aewest and 
highest summits of the Windward chain, attaining heights approi^i- 
mating 4,000 feet in all the islands mentioned except the two most 
northern, Saba and St. Eustatius, which rise to 3,820 and 1,950 feet 
respectively, and the Grenadines, 

Tlie eastern belt, composed of the sedimentary and compound type, 
includes Sombrero, Dog, Anguilhi, St. Martin, St. Bartholomew, Bar- 
buda, Antigua, the Grande Terre of Guadeloupe, Marie Galaute, and 
Desirade. 

Barbados perhaps belongs in a class entirely by itself, lying to the 
eastward of the chains mentioned. 

The arrangement of the islands as borne out by the stratigraphy 
shows that the axis of volcanic extrusion was the main chain, or belt 
of islands on the Caribbean side, and that the other islands of organic 
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aoonmulation represent portions of the windward sea bottom whioli 
was brought up by uplifts of the main chain. 

This main or interior chain is composed of piled up volcanic debris, 
and upon the islands of Guadeloupe and St. Vincent there have been 
aotive volcanic eruptions in historic time, 1797 in the former and 1812 
in the latter. Soufri^res, hot springs, etc, show that this activity is 
only slumberingly quiescent in nearly all these islands. Besides most 
of them still possess upon their summits one or more true craters, 
while Saba and St. Eustatius are composed of simple crater cones now 
quiescent While these facts attest recent eruptivity in the islands, 
there is much evidence presaging the conclusion that the present 
vulcanism is merely the survival of that which began much earlier in 
geologic history. 

The configuration and structure show that their history extends back 
to considerable antiquity. In the first place while the protuberance 
of all these islands is largely due to extrusive piling up, the present 
detailed configuration expressed in steep coastal bluffs, benches, slopes, 
and canyons, is produced by erosion, which has required considerable 
time for development* True crater shapes, except in St. Eustatius and 
St. Christopher, are exceptional, and are merely secondary summit 
features in the other islands, occurring parasitically upon masses of old 
eroded volcanic debris reaching a height of 4,000 feet. Secondly, they 
are all composed largely of vast piles of old tuffs and trachytic debris 
of many eruptive epochs, like the volcanic heights of the Costa Rican 
plateau, which indicate long continuation of the volcanism since com- • 
paratively remote geologic epochs, reaching back most probably to the 
Eocene time. 

In St. Christopher, St. Eustatius, Guadeloupe, Martinique, St. Lucia, 
and Granada, disturbed fossil! ferous beds of Pleistocene or recent age 
are found interbedded in volcanic ddbris of the lower slopes at altitudes 
of two or three hundred feet above the sea, showing that uplifting as 
well as extrusion has in part produced the present eminences, and that 
vulcanism existed in Pleistocene time. 

The fossils mentioned are hardly older than Pliocene, and are most 
probably Pleistocene, and their border-like position shows that the 
greater mass of the islands were ejected in previous epochs. 

So much for the main chain of the Caribbees considered by them- 
selves, but the eastern belt, of the compound type, owe their present 
position above sea level to the erogenic uplifts which affected the 
Caribbean area in later geologic time. Guadeloupe and Antigua are the 
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two islands which throw the greatest light upon tho ago of tii6 
vulcaiiisru of tho Canbl)ees, 

In Antigua the older maseive volcanic rockB conetitute a high moitn- 
tainoiiB rej^ion on the south aide of the island, while to the northwnrd 
for miles these are overlapped by a vast thickness of stratified toffa, 
evidently the ejecta from the vents of which tho maasivea are the 
remnflutftl stocks. This material must be thousands of feet in thick- 
ness. It contains bods of thin lime deposits of marine origin, including 
ft bed of older massive consolidated crystalline limestone less than ten 
feet in thickness, and an old coral reef. Towards the north end of the 
island the tuffs are overlain by conglomerates grading np into chalk 
marls with foaail Mollusea of possible Miocene age. In the tuffs there 
are also beds of chert with vast quantities of fossil wood, land shells, and 
silioified roef building corals (but no reef rock), which also eirtend into 
the marls. Finally tliere is a small ai-ea of elevated reef rock. Of 
these stratified formations none in my opinion, eicept of the Orbitoidal 
cryatalltno limestone, can be of older age than Pliocene or late Miocene. 
Tho latter may possibly be Vickaburg — an opinion based npon the 
ocenrrence therein of Orbitoidea and Nummulino!, described by T. 
Rupert Jones. Upon the erroneous correlation of others he referred 
these beds to the Miocene, but they are older in age than the Bowden 
beds of Jamaica "Miocene" with which they have been confused by 
many writers. These facts show that the volcanic tuffs of Antigua 
were being formed before the Vickaburg epoch, and that tho Caribbean 
vulcanisni vrag then active. 

In Guadeloupe we have somewhat similar evidence concerning the 
evolution of the volcanic range and the mass of sedimentaries. This 
island is composed of two parts of about equal area, sepirated by a 
shallow creek, Riviere Salee. The most western of these islets (Basse 
Torre) is a typical volcanic pile of the main Caribbee chain, and is 
thoroughly mountainous. The most eastern area, Grande Torre, is an 
elevated cut plain, composed of sedimentary formations of Pleistocene 
age underlain by a platform of volcanic tuffs, etc., derived from the 
volcanic debris of linsso Terre, Still to the eastward of Grande Terre 
is the small island of Besirade, composed entirely of ot^anic materini, 
which, with several other islets, stands above a shallow submerged plat- 
form citcnding out from the south east end of Grande Terre and Basse 
Terre. To the southward of Grande Terre is the island of Marie 
Galante, This island is of the same topographic and geologic type as 
Grande Terre. 
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Owing to an outbreak of yellow fever the writer's studies of these 
Gaudeloupean islands were limited to the briefest recounoissance of 
their general features as above enumerated, but they were sufficient to 
warrant the deduction that the following details of the geology as set 
forth by Duchassaing were in general correct.^ 

These beds consist of three formations, the oldest of which are 
fossiliferous tuffs called by Jones ^ and Duchassaing the '^Pierre k 
ravets '■ and " sables volcaniques remani^s par la mer.** This is com- 
posed of yellow tuff very similar to the oldest stratified rocks of 
Antigua, with few fossils, and the sands contain three species of Mol- 
lusca which Cleve asserts with the enclosing strata greatly resemble 
the Eocene beds of St. Bartholomew." Above these beds of sedi- 
inentated igneous material there is a hard ringing limestone containing 
Terebratulse. Still above the latter, and constituting the surface for- 
mation of most of the Grande Terre are tufaceous marls very much 
resembling those of Antigua, containing Foraminifera, Lunulites, and 
many Mollusks, which Mr. Duchaissaing considered to be "older Pliocene 
in age." In these beds also occur three species of Echini which were 
not considered as living in the adjacent waters. The latter beds at 
oldest cannot antedate the Bowden or late Oligocene. Above these iu 
places are non-marine deposits of land wash in which were found the 
famous human remains, and which also contain many fossil species of 
land shells. 

The next and latest formation is the " Formation Madrdporique " of 
Duchaissaing. This is true elevated reef rock or Soboruco, and bor- 
ders all the coasts of Grande Terre as well as constitutes the outlying 
islands of Marie Galante and Desirade.^ 

These formations of Eocene and later age all overlie the detrital tuffs 
of the old volcanoes of the Caribbee chain, and demonstrate the antiquity 
of' the vulcanism. 

These facts above presented lead me to the following conclusions con- 
cerning the Caribbee Islands. Their geomorphology is entirely different 
from that of the Antillean province except in those features on the Wind- 
ward side recording the events of the last epochs of geologic time. No 

1 Bull. Soc. Gi^ol. France. 2(1 Ser., 1847, Vol. IV. Part XL pp. 1098-1100, and 2d 
Ser., 1866, Vol. XII. pp. 763-757. 

^ Histoire physique des Antilles fran<;aise, Paris, 1822. 

* Op. cit.f p. 44. 

^ The reef formation of these two islands was also described by Maclure in 1817. 
See Joum. Phila. Acad. Nut. Sci., Vol. I. p. 136. 
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aiinilw phenomena indicating harmony of elsTation and submergence in 
previoiifl epochs can bo mftdo out. The cut plains of tho north half uf 
Antigiia and the Grande Terre of Guadeloupe clearly show that regional 
elevations have taken place after the close of Miocene time, followed 
by erosion epochs and a Pliocene or early Pleistocene aubsidence some- 
what analogous to tho Lafayette events. The bordering reefs formed on 
the rising platforms at Marie Gnlante and Desirade, and the donble terrace 
structure of Barbuda show tiiat these islands participated in the general 
I'liat-Pbistocene elevation of all the West Indies, Prior to the latest 
Miocene the details of composition and hiatorj' were entirely dissimihir, 
and unlike the events of Eocene and Oligoceue history of the Great 
Antilles. 

During all these epochs from the Eocene to the pronent tho voloamte* 
of the Caribbee chain liave been piling up the vast hi-nps of stratified 
tuff that form not only the eminences but much of the extensive sub- 
marine platforms of the region. 

The island of Barbados, standing 125 miles east of the main "Wind- 
word circle, and separated from it by over 3,000 fathoms of water, is 
entirely unlike the Antillean, T-Vindward, or Central American provinces 
in history and geomorphology. It has no known volcanic rocks. 

Those facts conoeniing the geology of the Lesser Antilles clearly show 
that piling up of volcanic material began there as far back as the Eocene 
epoch, and that the islands have participated in tho later cpeirogeuic 
movements of Pleistocene or recent lime. Hence we may conclude : — 

1. The Windward Islands represent a distinct volcanic province, dis- 
similar in lithologic composition from the older volcanic pbenomena of 
the Antillean province, and somewhat similar to the volcanic summits of 
Central America. 

2. Their visible history dates back at least as far aa Eocene time, and 
their periods of greater eruptivity ceased in the Pleistocene, 



Chacgea of Phyaiography in Tropical America, beaxinET 
upon the History of the West Indian lelands. 

The interpretation of the present configuration and history of the An- 
tillean and Central American regions is a difficult task, and involves 
the analysis of many groups of data, embracing several distinct fields 
of research. Biology, paleontologj', oceanography, structural geology, 
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diastrophism, orogeny, aud physical geography, must all be considered. 
The past and present distribution of life of all orders, both land and 
marine, their paleontologic history, the part which the debris of their 
skeletons, extracted from the liquid sea, has played in accumulating 
strata upon the submerged slopes and bottoms or building coral reefs 
are also important factors. The possibilities of the great Equatorial 
current and Gulf Stream, as carriers of sediment, corrosive agent^ and 
the effect on the distribution of lime-making organisms is also a most 
important consideration. 

There are several important conditions which make all attempts at 
final interpretation of Antillean and Tropical American history more or 
less hypothetical. The first of these is the fact that the submarine con- 
figuration suggests that large areas of land now submerged may have 
existed, not only in the immediate basins of the American MediteiTanean, 
but also in the Atlantic aud Pacific waters off the present continental 
borders. These submerged areas are now so covered with accumulations 
of organic and oceanic debris that their geologic composition can never 
he approximated even by soundings. Much of the older sedimentaxy 
strata of the present land masses have also been as completely concealed 
by burial beneath vast accumulations of volcanic ejecta, especially in 
Central America, the southern end of the Mexican Plateau, and the 
Caribbce Islands. 

Notwithstanding the incompleteness of the record, the general con- 
figuration, and the geologic structure and paleontology of the land areas, 
aud the distribution of the present life of the land and sea, afford much 
data of a fragmentary nature which can be so placed together as to throw 
some light upon the geologic evolution of the region. The discussion of 
the biologic and hydrographic phases of the question must be left to 
others, and in this chapter only the testimony of the structural geology 
and the configuration will be discussed. 

The geologic composition and arrangement of the rock sheets relative 
to one another record in a manner changes of level, relative depth of 
deposition, and position of land nrcas. Variations in the physical and 
chemical composition of strata, when traced over wide areas, enable us to 
judge with a degree of conjecture the location of the land from which 
they were derived or the extent of their basins of deposition, and to con- 
struct hypotheses of former bathymetric variations. Features of land 
configuration by which events of elevation, degradation, and subsidence 
can be traced, should present harmonious and parallel conclusions 
with the interpretation of the fossils and the strata. Many writers of 
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excellence, by failiug to correlate the threefold testitnooy of coii6g- 
urutioQ, biol(^, and geology have been led into Geriouii errors of 
deduction. 

Vague indeed is knowledge of the histoiy of tropical regions prior to 
the Cretaceous period. Eocks of an earlier epoch are but sparsely and 
imperfectly esposed, being coticealed even wliere they probably occur l>y 
the overlay of later sediments and volcanic ejcctii. We know that the 
Appalachian and allied regions of the United States, as for west as the 
98tb meridian, siuce Paleozoic time, have been great bulwarks of land, 
against the southern front of which the northern waters of the Gulf of 
Mexico extended in Cretaceous and Eocene time, and that these old 
lands prior to their degradation and burial in late Mesozoic time occu- 
pied much of the southern and eastern Coastal Plain. There are also 
areas of old Mesozoic land of smaller dimensions in the CotdiUeran 
regions of northwestern Mexico and the southwestern United Stnlea. 
In southern Mexico, Guatemala, and possibly Cuba and Haiti, tliero art 
long east and nest ridges of Paleozoic rock, which may have had souie 
fundamental relation to the east and west trends so largely dominating 
iu the tropical region, or possibly foreshadowing tho present outlines of 
the Great Antilles. In northern Venezuela another stretch of Paleozoic 
or Arctuean rocks is reported to extend from the Andes north of east 
to tho Caribbeiin const and tliroiigh the island of Trinidad. Paleozoic 
rocks also probably occur beneath the volcanic debris of Central America 
in Nicaragua, Honduras, and Costa Kica. The oldest rocks of Cuba and 
Haiti have been doubtfully considered of Paleozoic origin. Such are the 
earliest foundations of the great tropical amphitheatre in which during 
Mesozoic and Cenozoic times conilicts between laud and ocean have con- 
tinued, and from which amidst the vicissitudes of migrating shore lines, 
great oscillations of level, and volcanic extrusions, the present configura- 
tion of land surfaces and ocean bottoms have been evolved. In all of 
these localities south of the United States the eveuts of Paleozoic and 
older Mesozoic history have been obliterated by the overwhelming phe- 
nomena of Cretaceous and later time, — buried beneath the oceanic sedi- 
ments or volcanic ejocta, so that the interpretable history of the region 
may be said to begin with Cretaceous time. 

There is some evidence that during the long period between the Ap- 
palachian revolution, after the close of the Carboniferous and tho begin- 
ning of the Lower Cretaceous (Wealden epoch), the Atlantic borders of 
the North American coast met the Atlantic Ocean far eastward of the 
present continental outline, and that this expansion of the land was at 
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its maximum during the Jurassic period.^ No marine formations cf 
Atlantic origin representing the intervening periods of time between the 
Permian and Wealden Cretaceous have anywhere been found east of the 
Rooky Mountain front in the North American complex, south of the Black 
Hills, where boreal Jurassic forms are found, which probably came from 
the northwest.^ From similar data it is also evident that the northern 
]mrt of the South American continent likewise had eastward expansion in 
Jurassic time. 

The distribution of fossiliferous marine Jurassic formations on the 
Pacific slope of North America also shows that the border of the 
Pacific Ocean at that time extended far eastward of its present posi- 
tion. It is probable that the continental mass as a whole, practically 
equivalent in area to the present one, occupied a position slightly east 
of its present locus. In my opinion, the submerged bench of the 
Atlantic coast of tlie United States represents approximately the eastern 
expansion of the North American Jurassic land. How and in what 
manner this theoretical eastern expansion of the Western Hemisphere 
affected the Antillean and Caribbean regions is a question of great im- 
portance, which can be only hypothetically answered. 

That the waters of the two oceans were completely separated along 
the American Mediterranean region in Jurassic time by a narrow laud 
area connectinjj North and South America is indicated bv the entire dis- 
similarity of the Pacific and Atlantic faunas in the oldest Cretaceous 
sediments, as has been often shown. Furthermore, tlie Pacific faunas 
transgressed eastward in late Jurassic time far across the present site of 
the Mexican Plateau, having been found in the longitude of Cuba. This 
indicates that the continental bridge was then fiir east of its present 
location. If the Jurassic fossils in Western Cuba, as reported by Lea, 
should upon further study prove to be of a Pacific type, the Jurassic 
Isthmus must have been situated east of the longitude of Havana. 

Another line of evidence indicates that the present isthmian region 
presented no barrier between the oceanic waters prior to late Cretaceous 
time, and that if a continental bridge then existed it must have been 
located towards the Windward side of the American Mediterranean. 
This is the testimony of the deep sea fauna of the Caribbean Sea. Ac- 

^ If the Wealden epoch is the top of the Jurassic instead of the base of the 
Cretaceous, as asserted hy Marsh, it does not materially alter this proposition. 
The greater time of the preceding Jurassic is unrepresented so far as known by 
fossils or sediments on the Atlantic side of the continent. 

2 The Jurassic rocks of Mexico and Trans-Pecos, Texas, all occur, so far as 
known, to the westward of the east front ranges of the Cordilleras. 
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cording to A, Agasaiz,' this is mostly of a Pacifia type, which has exiBtcd 
iu the Gulf nud Caribbean since nt lenst as far back as Cretuceoiis time. 
The minority of Atlnntic forma from tliis fauna may also suggest that a 
partial barrier at least then oxistod to the eastward side of the Carib- 
bean. From Florida to the northeast comer of South America we nuw 
have a chain of submerged banks, which constitute the rim of the Gulf 
and Caribbean haaius and which may or may nut represent elements of 
this ancient Jura-Cretaceous Isthmus, — the sanio wliich has been fre- 
quently used as duta for constructing a hypothetical aod impossibli' 
Windward bridge during later epochs. This is still covered by coatiuga 
of oceanic debris, or capped by volcanic ejocta, which rise at iutervals as 
tips of land above it. The con figuration of these aubmerijed rims and 
islands is that of no old dissected land. 

The submerged bench off the Floridian coast deflects southeastward 
towards and [iractically continuous with that of the Bahamas banks, 
where its continuity is broken by great western indentations extending 
abiig the north side of Eastern Cuba, Haiti, Porto Rico, nud tho Virgin 
Islnnds. Thence along the Windward Arcliipelago to tho South American 
coast there are many banks which might be construed as such elements. 
The present outer rim of tho American Arediterraueau may indicate tha 
former continuity of tho Isthmian region of Jurassic time. If theWindr 
ward bridge did not exist at this period, it never existed, — certainly not 
since Eocene time, as will be shnwn later. 

Hovcy has descril>ed a aeries of specimens obtained from a we!l bored 
to a depth of 2,000 feet at Key West." The Vicksburg formation was 
penetrated completely, the boring passing into tho underlying Eocene 
between the depths of 1,450 and 1,375 feet. It is quite probable that 
the former is the base of the Vicksburg. There is indisputable geologic 
evidence in the land-derived material of the Eocene sedimentary rocks 
of the Antilles, tho Virgin Islands, the Caribbees, and Barliadoa, t Imt land 
areas from which they were derived existed in this general region in 
Cretaceous time. 

Westward of this hypothetical bridge there could have stood but one 
or possibly two islets in the present Central American region south of 
the southern end of tlie Meiicau Cordilleras. Rising east and west 
through tho States of Oaxaca, Chiapas, and Guatemala, and jiroUibly 
in Cul)a and Haiti, there are ancient ridges of Paleozoic sediments and 
igneous rocks. — short crescents curving to tho northward and now 
I Three Truises of the Blake, Vol, I. p. 107. 
a Bull. Mus- Comp. ZoOl., 1806, Vol, XXVllI. So, 3. 
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almost lost to sight by the overshadowing pre-eminence of the grander 
and later topographic features that surround them. These may then 
liave been either islands in the Jurassic sea, the nucleal lands of modem 
Central America, the fundamental structure of which seems to have 
been since developed on lines parallel to these shadowy ancestors, or the 
southern margin of the North American continent itself. It is possible 
that during the Jurassic epoch the Caribbean Sea, into which the waters 
of the Pacific flowed freely from the west, was partially enclosed by an 
archipelago consisting of a Windward bridge on the east, the old Paleo- 
zoic ridges of northern Guatemala, and southernmost Mexico, Cuba, 
and Haiti on the north, and the South American land on the south. 
Panamic America, together with the submerged Mosquito and allied banks 

I 

extending northwest to Jamaica, are regions concerning which we can 
attempt no restoration of their history in Jurassic and early Cretaceous 
time, as tliey nowhere exhibit rocks of Pre-Cretaceous age. Neither is 
it possible to interpret the history of the Bartlett, Yucatan, and Gulf 
basins in those days. They may or may not have existed as at present 
in Jurassic and Cretaceous times. If they did, no data are at hand for 
prognosticating whether they were connected or disconnected bodies of 
water or connected with either ocean. The Caribbean, however, most 
probably, and possibly the Gulf of Mexico, were Pacific indentations at 
this time. 

It is a well known fact that the close of the Jurassic and beginning of 
the Cretaceous was a revolutionary period in American continental con- 
figuration. The gigantic Sierra Nevadan uplift, whoso southern and 
eastward extents are not clear, elevated portions of the pre-existing Pacific 
borders of North America into land. Simultaneously with or just after 
this event in earliest Cretaceous time, the Atlantic side of the Cordilleran 
continent in the Mexican region underwent profound subsidence. The 
Gulf of Mexico was then as now an embay ment of the Atlantic Ocean, 
which began to encroach upon the pre-existing margins of the Appalachian 
and Cordilleran regions. The interior shore of the Gulf migrated from 
the eastern part of Texas to southwestern Kansas, and degraded and 
btiried the former southward extension of Appalachian lands then exist- 
ing in the Coast Plains of northeastern Texas for a distance of 400 miles, 
while an embayment at its northwest comer near southwestern Kansas, 
indicated that the arterial Missourian-like drainage at that time was far 
westward of the present location. The Gulf also made a western trans- 
gression across Tropical Mexico from at least the present Gulf shore line 
to the present Pacific coast, and left thick deposits of chalky sediments 
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over the areas, richly Btudded with romaiDS of its animal life, but so 
difTerent from similar life on the Pacific Hido tbat uot a elngle foBwi 
ia cooimou to the eodimeuts of the two oceans. 

The composition of these Lower Cretaceous beds clearly exhibits the 
fact thftt this subaidence deepened towards the southeast. Twenty-five 
thousand feet of litnGatones in eastern Mexico near the Tropic of Cancer, 
as seen by UcGee and the writer, testify to the fact that it there equalled 
more than 0,000 fathoms, or as much as some of the greatest depression* 
yet discovered in the oceans, and yet there is do evidence in the Creta- 
ceous faunas that the Pacific bnrrer was broken. 

What iinppened in the Windward regions during Lower Cretaceous 
time can ho only hypothetical I y conceived. Such a stiLsidence increas- 
ing southeastward may have been at least so far reaching in its effect as 
to alfect and submerge the hypotheticaJ Jurassic bridge of the Windward 
region. If so, the Windward barrier to the eastward was crossed by 
Atlantic waters, which probably came in across tlie north side of tSuuth- 
era Florida, which until very recent time has been West Indian in its 
relations. The absence of any known Lnwer Cretaceous fossils in tlie 
Antilleau region suggests that a Urge loud ai'ea may have existed liurinjj 
this epoch, composed of south Floridian, Bahaman, Antilleau, and Wind- 
ward lauds. 

The faunas of Trinidad and the northern regions of South America 
show that in Lower Cretaceous time the Atlantic waters were overcom- 
ing the southern end of the Jurassic Windward bridge, if it ever existed, 
and that the Atlantic littoral faunas were encroaching upon the present 
eastern Caribbean area, which bad lost or was losing its connection with 
the Pacific. 

In Middle Cretaceous time there was a considerable movement in the 
northern Gulf region, causing the land to emerge and the shore line to 
recede from southwestern Kansas to east central Texas. We have al>- 
solute record of the extent of this movement in the known migration of 
the line of the Dakota littoral. Inasmuch ns all of the sedimcntal evi- 
dences in the littoral formations of our Coastal Plain aro only the margi- 
nal phenomenaof oscillations which probably had their greatest amplitude 
to the southward, the effects of this Mid-Cretaceous movement on tlie 
tropical regions must have been great. It was one of those oscillations 
which, had it occurred in later geologic time, would have been of con- 
siderable importance, but its effects and extent are completely obliterated 
by the grander changes whicli preceded and followed it. It is probable 
that a Central American land bridge connecting the continents via the 
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Isthmus of Panama was fully established at this epoch, as indicated by 
the stratigraphy of the succeeding Upper Cretaceous epoch, during which 
time events assume sufficient clearness to be more clearly interpretable 
in the Antillean and Caribbean regions. 

In Upper Cretaceous time another subsidence ensued in North Amer- 
ica. This produced the greatest known expansion of the Gulf of Mexico. 
The Dakota littoral of the Cretaceous Gulf of Mexico transgressed the 
Great Plains region from eastern Texas northward towards the British 
line, almost if not quite connecting with the waters of the Pacific and 
nearly separating the continent into Appalachian and Cordillerau Islands, 
and reaching westward towards the Sierra Nevada. 

The Rocky Mountain or eastern area of the North American Cordil- 
lerau region, as far west as Utah, then became a submerged oceanic 
region, with ridges and islets of the older formations. The deepest 
deposits — the Niobrara chalks — could not be interpreted to indi- 
cate greater depths in the United States than a thousand fathoms, 
although the thickness of the sediments would indicate a subsidence of 
thirteen to fifteen thousand feet (not counting the Laramie) in the 
Rocky Mountain region, marked by deposition of littoral sands, car- 
bonaceous shales, and the conspicuous Niobrara chalk horizon. All 
these strata, except the latter, indicated the degradation of a vast 
pre-existing land to the westward. 

The known facts of paleontology indicate that a Central American 
bridge existed during the latest Cretaceous epoch. There is no evidence 
that the life of either ocean then passed that barrier, and old rhyolitic 
tuffs of Cretaceous age occur in Panama. Near the highest pass of 
Costa Rica, 5,000 feet above the sea, in the neighborhood of San Jose, 
there are Upper Cretaceous limestones, with fossils of Antillean facies, 
which show that the Caribbean Sea at that time had encroached at this 
locality far across the present Central American barrier. Similar lime- 
stones have also been reported from Guatemala by Sapper. These facts 
indicate Caribbean conditions in late Cretaceous time in portions of what 
are now the summit regions of Central America, and that the Cretaceous 
land barrier, if one existed, was then situated in a region now covered by 
the waters of the Pacific to the south of the present Central American 
land. 

Vulcanism was active in the Coastal Plain and Cordilleras of western 
Texas, northern Mexico, along the southern end of the Mexican Plateau, 
in San Salvador, Panama, the Andes, and the Great Antilles. All these 
regions but the last were continental. 



206 BULLETIN : ML'SEUM OF COMPARATIVE ZOOLOGY. 

In tlie Antilles, iuBtead of eubsidenoe, volcanoeB added vast accumu- 
lations of extruded debris to the pre-existing land nmsBeB, or built up 
islands in the bch liko Jamaica, aroimd wliich peculiar coloniea of marine 
life aeparated from that of the continental borders by great depths were 
segregated. 

The exact loci of the old Antilleaii volcanic outlets are now lost, but 
their debris couBtitntea the oldest known rocks of all tho AntiJleB and 
Virgin Islands, with the eiceptiou of the few doubtful Paleozoic rocks of 
Cuba and Haiti preTionalj mentioned. It is a possible hypothesis that 
these volcanoes were on the sonthera mat^in of an older Bahaman-ADtil- 
lean land. 

The close of the Cretaceous and initiation of tho Tertiary was marked 
in both the North and South American continents by great orogenio 
revolutions in the Andean and Bocky Mountain regions. This is known 
to have affected the Nurth American Cordilleras as far south as the south 
end of tho Mexican Plateau, and elevated the Cretaceous sediments of 
ihe preceding northwestern extension of the Gulf of Meiico to heights of 
15,000 feet or more. 

In North America the material thus folded was tho pre-oicistiDg Atlantic 
(GidQ sediments, — and the land buttress was on tlio Pacific side. In 
South America the sea aedinienta folded were of Pacifio origin, and thn 
land buttress was the eastern or Atjunlic aide of South America. Some- 
where between north latitudes 10° and 25° and longitudes 75° and 100°, 
including the Central American and West ludian regions, the axea of 
these two mighty uplifts passed each other en echelon. WJiat piiy- 
siographic changes occurred in the Mediterranean region between the 
termini of the stupendous erogenic uplifts acting upon it with tortional 
stress cannot readily he conceived, but changes of a most revolutionary 
nature undoubtedly took place. 

Two of the principal events of Eocene time were faulting and vulcan- 
ism. According to Felix and Lenk, great faults of at least 12,000 feet 
downthrow to the southward, along whicli tho present cost and west 
series of living Mexican volcanoes are situated, developed along the south 
andcast of the Mexican Cordillerna, at tho great " Abfall" of the Plateau. 
Periinps other faults, as described by these writers, extended in a coni- 
plemental direction up the east side of the Plotean. Faulting of this 
epoch certainly influenced the southern part of Texas. 

With the great elevation of this epoch, the shore line of the Gulf of 
Mexico receded with comparative rapidity from the eastern Kocky Moun- 
tain region to the interior margin of the present Coaatnl Plain, where it 
was located in Eocene time. 



hill: geoloot of Jamaica. 207 

Vulcanism, which in the preceding Cretaceous epoch was largely domi- 
nant in the Antilles, was now active around the other borders of the 
Caribbean. The great accumulations of volcanic debris which now cover 
the southern ends of the North American Cordilleras, the northern end 
of the Andes, Tehuantepec, the Central American Plateau, the Isthmus 
of Panama, and along the Colombian coast and Windward Islands, are de- 
rived from volcanoes which had their greatest activity duriug early Eocene 
time, and are now quiescent in the Tehuantepec and Panama regions. 

Stupendous masses of matter were extruded from the earth's interior, 
and piled upon its crust. The diastrophic effect upon the geography of 
these changes of mass and weight from the interior to the exterior of 
the earth's surface must have been appreciable. I can only say, for the 
present, that in my opinion that may have in some manner influenced 
the great series of oscillations of level which succeeded the following 
epochs of time from early Tertiary to the present, and which will 
presently be described. 

Contemporaneous with and succeeding this tremendous volcanic revo- 
lution, the relative areas of land and sea were being readjusted. Degra^ 
dation and deposition were shifting the load preparatory to a great 
subsidence soon to be initiated in the Atlantic, Gulf, and Antillean 
regions. Immediately after, or during the Cordilleran revolution in 
earliest Eocene time, an epoch of excessive littoral deposition set in, 
marked by great deposits of land-derived sediments, consisting of shallow 
water alternations of non-calcareous, ferruginous, plant-bearing clay, 
sands, and gravel. These were deposited around the perimeters of the 
Gulf and Caribbean, and on the site of the Great Antilles and Barbados. 
Of this nature is the Great Northern Lignite formation of the Gulf 
States, the Culebra formation of Panama and Central America, the 
Parian beds of the South American north coast and islands, the Scot- 
land beds of Barbados, and the Richmond beds of the Great Antilles, — 
all essentially alike in thickness (± 1,500 feet), character, and arrange- 
ment, and evidently derived from near by lands during a great erosive 
epoch. In North and South America this material was derived from 
the interior bordering regions, but it cannot be said whence came these 
deposits in Central America, the Isthmus, the Antilles, and Barlmdos, 
unless there were pre-existing lands, such as I have suggested, and 
these must have been of large area to account for the vastness of the 
formation^. In North Central America the old Guatemalan nucleus 
could have supplied only a fraction of the sediment. In Panama the 
source of these formations must have largely been either more extended 
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lauds than now esist, — probably in the region now covered by the 
Paci6c waters in the south, or the regions of the submei^ed Mosijuito 
and lEoncador banks to the north. The Iny of the formations indicatea 
that the shore line was in tho direction of the Pacific rather than the 
Ciirihbcau, and this one fact, together with other considerations, may 
lead to the conclusion that land ouce esisted off the Pacific side of Equv 
torial South Aoierioa, and tho submerged Mosquito banks did not then 
exist in thoir present geographic outlines. 

Rut what was the source of these land derived sediments in the An- 
tilles 1 At first it might be answered that the degradation of tlie Cretan 
eeoiia voleauoes alone might account for this material ; but, although the 
formation contains much volcanic material, it also has in it mica schists, 
quarti, and other debris foreign to the composition of the Antilleun 
Cretaceous eruptions. Besides, the wide uniformity and assortment 
cannot entirely be satisfied by this hypothesis. On tho other hand, tha 
study of this material, considered fi-om any point of view, suggests ths 
hypothesis that the present Post-Cretaceous material was deposited 
upon tha margin of pre-existing laud areas lying to the nurthward, of 
which they were a pan, including the south point of Florida, the 
Bahama banks, all of which may have been remnants of tho northern 
part of the hypothetical 'Windward Jurassic bridge or Archipelago, and 
that these lamls during this epoch were being base levelled and subse- 
quently completely coucftiled by succeeding phenomena. 

The presence of this land-derived material in tho fundamental Scotland 
beds of the oceanic island of Barbados is indeed perplesiug. The oldest 
formations of this little island, standing solitary and alone in the Atlantic 
Ocean, are clearly composed of the debris of a former land, of which there 
is now no track or trace unless it be the deep submerged ridge e.xtending 
northward from South Amei-iun. We search in vain the visible structure 
of the adjacent Windward Islands over a hundred miles to the west- 
ward, and separated by a deep sulimarine trough, for a solution, but can 
establish no connection between them. The only hypotheses entertain- 
ftble are that they were either derived from a land now submerged, which 
constituted the eastern hank of the Windward platform, or from a penin- 
sula which at that time may have oitended out from the northeast comer 
of South America. If the latter conclusion is tenable, may we not also 
suppose that tho Avcs Island bank is also a relic of this old Cretaceous 
Windward landl 

The early Eocene base-levelling was the beginning of initiation of a 
subsidence which took place in tho latter part of the Eocene and early 
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Oligocene, which was of far reaching importance in t^e Gulf, Caribbean, 
and Antillean regions, although they but slightly affected our Coastal 
Plain. This profound subsidence is manifested by the nature and occur- 
rence in the present upland structure of parts of the Antilles, Barbados, 
and Trinidad, of oceanic deposits composed largely of Globigerinae and 
Radiolarians, such as are now known to occur at oceanic depths varying 
from 1,200 to 3,000 fathoms. 

These beds are synchronous with the so called Jackson and Yicksburg 
formations of our southern coast, and their equivalents in Yucatan and 
Costa Rica. The exact geologic age and correlation of these beds have 
been ascertained by paleontologic data, and the extent and differential 
▼ariations of this downward movement may be indicated in the com- 
position of the synchronous deposits in different localities. 

The effect of this subsidence upon our own Gulf coast east of the Mis- 
sissippi was a slight northward transgression of the Gulf, as shown by 
the more mixed character of the formation around the American littoral 
in Mississippi and Alabama. Subsidence in that direction is distinctly 
recorded in the change of the Tertiary sediments from the impure land- 
derived character of the Lignitic and Claiborne beds into the 500 feet of 
limestones of the Jackson and Vicksburg epochs. The littoral nature of 
synchronous deposits in Costa Eica also indicates a shallower condition 
towards the continental shore line in that direction. In Cuba, near 
Havana and Santa Clara, the Vicksburg limestones contain small peb- 
bles, probably indicative of persisting inequalities of bottom, as the land 
was being submerged there. Elsewhere in the Antilles and Barbados, 
the formation is of the deep oceanic nature described. 

From the geographic occurrence of these beds I am inclined to believe 
that they were deposited in the troughs or deeper slopes of two great 
basins or depressions, separated by a ridge along the present site of the 
Caribbee Islands. One of these basins, the Barbadian, lay in the Atlantic 
proper, while the other was in the heart of the Caribbean, having an 
elliptical outline, whose longer and deeper axis extended through the 
Windward passage from Mississippi to Trinidad. This depression so 
largely drowned the Antilles that only the higher summits of Cuba, 
Haiti, and Jamaica remained above sea level as small islands. This 
basin shallowed rapidly towards its periphery, the Coastal Plain of the 
United States, the old lands of Costa Rica and Yucatan. The northern 
and eastern periphery of this basin during this subsidence could have 
been only the Bahaman, Floridian, and Windward banks, which must 
have been largely submerged. 

VOL. XXXIV. 14 
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Tbe most important result of this aubsideoco nas the fnct that it Bub- 
merged tbe Isthmus of Panama, and again permitted shallow cnnnectiua 
between the great oceans, as I have shown in my report upon that region, 
— a paasoge which was temporarily closed shortly afterwards- AH the 
known evidence, as presented in my recent report, tends to show thU 
this pttBSnge was shallow and ephemeral. Thia is the only epoch in 
geologic history between the Cretoccious and the present in which tbero 
is evidence of this passage having been open. 

Succeeding this Tertiary subsidence was the chief of the great orogetiic 
movements which built up the past and west folds of the AntiUcan moun- 
tain systems as now occurring directly across the paths of the pre-exist- 
ing Andean and Rocky Mountain trends. This undoubtedly was the 
most important relief producing event in all Antilleau history; to it 
much of the present conRguration of the land and sea bottom is 
due. The whole configuration of tbe Antillean lands, the western Carib- 
bean floor, the northern shore of South America, and the Central Amer- 
ican lands were revolutionized by the development of these corrugations, i 
accompanied by igneous action, including great lacoolitliio intrusions of 
igneous rocks. 

Secbach * long since pointed out the now accepted conclusion that the 
N'orth American Cordilleras termiDate with the "Abfsll" of the Meiican 
Plateau, and showed the distinction between it and tbe entirely oppo- 
site erogenic trends in Central America and the Antilles. Suess, in bis 
masterly compilation,' has still further demonstrated the existence of 
these trends, but owing to inacciirncies of the current geologic data be 
grouped the phenomena somewhat differently from the manner in which 
I would arrange them, having connected under the name of the Cor- 
dillera of the Antilles the true Antillean trends with those of tbe 
Carihbee chain. This, in my opinion, is not an harmonic arrangement. 
According to the elaborated strikes later platted by Sievers,* the Bar- 
badian, Grenadan, and Aves Island ridges of the Windward bridge, at 
least in its southern half, are more in line with his "Carrihischen" 
ranges of the north coast islands of South America than with the 
Antillean chain. These uplifts, collectively, now constitute a series of 
many chopped up, parallel e.ist and west ridges, which have been greatly 
disconnected and partially submerged by subsequent events, but of 
which many distinct ranges may still be identified. The most north- 
cm of these are the Segovian trends of Oaiaca, Chiapas, Guatemala, and 
' Epitomiieil by Dollfuss and Mont-Serral. 
" Dns Antlili iler Kr.lc, Chapler X. pp. 698-702. 
■ Feurmann's Mltteilungen, Vol, XLII., 1696, Fart a. 
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western Cuba, presenting a curve singularly parallel with the Trans- 
Mississippian extension of the southern front of the Appalachians. 

Next to the southward conies the true axial Antillean range of Porto 
Kico, Haiti, and the Santiago coast of Cuba, the Sierra Maestra of 
Cuba, and the Misterosa bank between the Caribbean and Yucatan 
SeaSy to the Gulf of Honduras. From the centre of this a southern 
limb bifurcates and extends through the southwest peninsula of Haiti 
towards Jamaica, the Rosalind and Mosquito banks into northern Hon- 
duras, breaking up into numerous parallel ranges in Honduras, Nica- 
ragua, and the submerged banks. 

The continuity of the main Antillean axis of Haiti is through Porto 
Rico, the Virgin Islands, and St. Croix, breaking directly across the 
lines of the Bahaman and Caribbee trends, and not curving southward, 
continuously with the latter, as suggested by Suess. 

A third line of Antillean trends is through the axis of the Isthmus 
of Panama, the Goajira peninsula of Colombiti, and the islands of Curagoa 
and Bonaire, pointing towards distant Barbados. 

The fourth and most southern line of the group, closely related to 
and in echelon arrangement with the last, is the ** Carribischen " system 
of the Venezuelan coast, embracing the Sierras Costano and Del Interior 
of Guaira, the peninsula of Paria, and the island of Trinidad. 

I have given a general outline of the present arrangement of this 
system. During this epoch of mountain making, in my opinion, the 
land areas of the American Mediterranean received their greatest ex- 
pansion and attained entirely new conformation. The Antilles were 
raised from submerged island peaks into a large continuous and con- 
nected land, whicli included most of the now submerged ridges and 
slopes, bringing up with them to a height of 3,000 feet above the sea 
the deep oceanic deposits (Globigerinal and Radiolarian earths) of the 
previous epoch. The Caribbean Coastal Plains of Honduras, Costa 
Rica, Panama, Colombia, and Venezuela were elevated above the sea 
and intensely folded into the present east and west ridges which occur 
in those regions. 

The effect of this mountain making epoch is clearly and unmistakably 
exhibited in the geologic structure of Jamaica, Haiti, Cuba,^ Porto 

1 The chief erogenic movements which gave to Cuba its most rugged relief 
look place in late Tertiary time, as is shown in two published cross sections 
of the island, the first of which, by the writer, is in the longitude of Havana, and 
the second across the east end from Guantanamo to Sagua la Grande, by Valentine 
Peleterro (Boletin de la Comision del Mapa Geologia de Espano, Tom. XX. 
pp. 89-98, Madrid, 1895). 
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Rico, Bai-bados, the Virgin Isiands, and the other regions mentioned, in 
all of which the Eocene strata are greatly elevated and intensely folded. 
For data ehowing the disturbance of this epoch eee the various pub- 
lished geologic Bectiona of the other islands. 

It would he beyond all reason or interpretation of the known facts I 
to conceive that the stupendous changes of this epoch did not affect 
the configuration of the adjacent Bca bottoms. Neither the east aud 
west trends of the mountain ridges, nor tlie mountainous configuration 
of tlie Great Antilles, cease with the margins of the water. The nar- 
row trend of the Sierra Maeatra range of Cuba, for instance, is trace- 
ahle eastward by a shallow submerged ridge directly across to the 
northwest peninsula of Haiti, and westward by the Misterosa hank, a 
narrow mountainous submerged ridge lying between the Bartlett Deep 
and north Caribbean basin, and extending for hundreds of miles from 
the Sierra Maestra towards Guatemala. Furthermore, the slopes of 
the mountains are continued far beneath the waters. The steep de- 
clivity of the Sierra Maestro, which now projects 8,000 feet above sea 
level, continuea downward beneath the water to a depth of 18,000 feet, 
showing iudispntably that the present mountain phenomena of the islands 
are but the tips of submerged bases. 

It is equally probable that the combined Mosquito, Rosalind, and 
Pedro lianks constituted an extensive land in this mnnutaiu malting 
epoch, connecting Jamaica with the Hondnras-Nicaraguan coast. The 
Bahaman and south Floridian banks were also probably connected with 
northern Cuba, the Gulf Stream meanwhile flowing out across the 
northern part of Florida. 

This east and west folding may have been instrumental in producing 
the wonderful Bartlett trough and its related depths adjacent to Cuba 
and Haiti, which constitute a narrow submerged furrow almost com- 
pletely across the whole Mediterranean, as well as a parallel elongated 
submerged trough of the northwestern Caribbean lying soiith of the 
western end of Cuba and north of the Mosquito bank. These phenom- 
ena may have been initiated at a more remote epoch, but the knoim 
effects of the erogenic movements of this epoch, as now visible in the 
mountains of the Great Antilles, were amply sufficient to produce tlieni. 

This important Mid-Tertiary epoch of mountain making in America 
has not been fully appreciated, hut its existence abowa conclusively thai 
in this country, as in the Pyrenees of Europe, there was a great east 
and west trending system at right angles to the trends of the main coti- 
tinental Cordilleras. 
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This orogenic elevation most probably united the Antillean lands, 
constructing bridges for the wide distribution of the ancestral forms of 
the wonderful land shell faunas of the Antilles from Central America 
to Guadeloupe, which are first found fossil in the succeeding Bowden 
formation. It also brought the submerged bottoms up to a height 
sufficient for the habitation of littoral MoUusca, and permitted them 
to migrate for the first time from the continental margins to the 
islands, and to attain wide West Indian distribution. The preceding 
marine faunas of Jamaica, at least of the Antilles, had been all insular 
and unlike that of the continental margins. 

There are no geologic data to prove or disprove connection between 
the expanded mountainous Antillean lauds with the main continent 
other than that a marine passage between the Gulf and the Atlantic 
continued across northern Florida. The absence in the Antilles of 
remains of continental vertebrates of this period, or living descendants 
thereof, would indicate that no such connection existed. Furthermore, 
the distribution of the land shells show that the Equatorial current was 
flowing into the Caribbean through breaks in the windward rims. 

During this epoch the Caribbee volcanoes, persisting from the previ- 
ous Eocene epoch, were in superb^ activity and undergoing their maxi- 
mum development along the western border of the eastern limb of the 
submerged plateau which may have been the remnant of the probable 
bridge or Archipelago of Jurassic time. 

The history of the western Gulf region during this epoch of Antillean 
uplift is obscure, llilgard ^ has noted the absence, west of the Missis- 
sippi, of Tertiary deposits of later age than the Vicksburg, and con- 
cluded that the Gulf must have been closed on the eastern side. The 
probable absence from the surface west of Eed River of marine deposits 
of late Oligocene and Miocene age,^ and the presence of apparently 
fresh water formations in their place along the Texas coast, may seem 
favorable to this conclusion, but further study is much needed. 

The evidence supporting a contrary hypothesis is of a few alleged old 
Miocene Gasteropods from a depth of some 3,000 feet, in the borings of a 
well at Galveston, which Harris alleges have Pacific affinities. No out- 
cropping strata have as yet been discovered to support this purely pale- 
ontologic hypothesis. 

However deficient may be our knowledge of the extent and details of 

* Geological History of the Gulf of Mexico, pp. 6, 7. 

^ The late Tertiary and Pleistocene history of the Texas Coastal Plain has not 
as yet been fully studied or interpreted. 
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the lands produced by this Mid-Tertiaty revolutioii, it was certajuly one 
ur the moat marked aud iiuportaut evouts in Antillean history, and pro- 
duced the major configuration of the islands and adjacent waters, which 
have persisted not withatan ding the modifications of later times. It is 
true that this coniiguration has suffered conaiderohle alteration iu enbae- 
quent epochs, through degradation and oscillations of loTel, but it hat 
remained as a major mass out of, upon, and around which all later 
eveuta have been carved. 

The next events iu Antillean and Central American history were the 
degmdatiao, partial subsidence of the West Indian region, and diameni- 
bermenl of this extended Mid-Tertiary Antillean land. The previouslv 
connected Antillean lauds were severed and dismembered into almost 
their present outlines. The connections between the Antillean islands 
and the Bahainau and south Floridian lands were submerged ; the waters 
of the Gulf Stream now flowed over the latter. The Misterosa and 
Kosalind peninsulas were suhmcrgod, and the littoral of the Caribbean 
migrated southward and westward and impinged upon what are now the 
land margins of Nicaragua, Costa Kioa, Panama, Colombia, and Vene- 
zuela. During this epoch it is also probable that Trinidad, Tobago, aud 
the adjacent islands were severed from tho South American coast, aud 
the disconnection of Barbados from the South American continent still 
further afcoutuated. No record has as yet been discovered showing 
that the Windward Archipelago participated iu this downward move- 
ment. On the contrary, the furmntious recording it were not deposited 
in Barbados, and the volcanic piles of the Caribbean were more extended 
than at present. 

The Andean, Centra! AmericQU, Mexican, and Windward volcanoes 
were as active as ever, piling up the vast eminences which from their 
Buprerior magnitude have so obliterated the no less interesting minor 
topographic features. In this epoch ended, long before man had ap- 
peared upon the earth, all traces of Antillean land expansions upon 
which the least theory of an Atlantis could have been postulated, and 
all attempts at restoring connections between the islands, or the ishmda 
and the mainland, iu subsequent epochs of late Tertiary and Pleistocene 
time belong to the realms of fancy. 

The exact date of this late Tertiary dismemberment of the expanded 
Antillean lands cannot be stated with exactness. In my opinion, it was 
during late Miocene and Pliocene time, beginning with the Bowdcn 
epoch of the Jamaican sequence. Dr. D.ill holds that the age of the 
Bowden beds is late Oligocene. It is my opinion that the stratigraphic 
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relations of these beds in Jamaica indicate a later age. Deferring to 
Dall's opinion, I have tentatively accepted his conclusions, however, 
until more field work can be done. 

This subsidence was the first of the group of oscillatory movements 
which succeeded the great Mid-Tertiary Antillean erogenic displacement, 
and which in succeeding cycles apparently became gradually more epeiro- 
genio in character and successively of decreasing amplitude. While these 
movements in late Tertiary, Pleistocene, and recent time were far reach- 
ing and apparently of uuiform character over wide fields of extent, they 
were rather of the nature of great swells or wide gentle folds, with 
movements of opposite direction in their ultimate extension, and of a 
nature which cannot as yet be completely harmonized with those of 
cor Atlantic Coastal Plain. Furthermore, while in some epochs the 
records of these movements are most clear and unmistakable, there 
are others which it is exceedingly difficult to interpret, and hence their 
analysis as a whole is sometimes obscure. 

Since the dismemberment of the Antillean lands through subsidence, 
the aggregate of the upward movement has not been sufficient to restore 
the islands to the heights they occupied during the erogenic expansion. 

We have described with some care the various topographic levels which 
make great benches around the mountainous nucleus of Jamaica, and 
record phases in the physical history of the island. These levels prac- 
tically belong to three great groups, the oldest of which are from 1,500 
to 2,000 feet above the sea, and which may be called the Junki type ; 
the next oldest, from 100 to 1,000, which may be called the Yumuri 
type ; and the newest and most recent less than 100 feet. In a previous 
paper I have shown that these old levels are practically traceable around 
the island of Cuba, especially its eastern end. I can now add that they 
are also similarly developed on the island of Haiti. There can be but 
little doubt that these three series of terraces are characteristic of the 
Great Antilles adjacent to the Windward passage, while the twa series 
are more widely identifiable. These stair-like terraces may record re- 
peated intermittent upward movements, or such movements alternating 
with epochs of subsidence. I was unable to find in the geologic forma- 
tions and structure any data to sustain the hypothesis of subsidence. 

It is difficult to establish the chronology of Post-Bowden events be- 
cause paleontology has given us no positive key by which we can dis- 
tinguish with exactness the formations of the Pliocene, Pleistocene, and 
recent epochs. The calcareous Post-Tertiary material composing these 
islands resolves into two distinct types : coral reef rock, and white lime- 
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stoue and marls of shallow water origin. Tbe HmeBtones may be of the 
type of the Pliooeno Maiicbioiieal formation of eastern Jamaicft, whicb ig 
sparse in idetitiliable moUuecan retnaius, although containing Pteropodi 
and Brachiopoda and a few thia beds of modem reef corals ; or of the 
Falmouth type, largely composed of shells, in which the remains of a 
certain species of Bulla are specially abundant. I know of the occur- 
rence of all these formatious in atratigraphicjuitapoeitioQ only in Jamaica, 
although typos of each have wide distribution throughout the Tropical 
region at altitudes nowhere exceeding 250 feet excepting in Barbados and 
the inner margin of the Caribbee Islands. 

The oldest and highest group of these levels, composed of no latec 
strata than the old Oligocene, may probably have been developed on 
the emerging land between the Montpelier and Bowden epochs of subsi- 
dence. They may present old levels engraved upon the margins of this 
Autillean land during the erosive oijocha accompanying and following 
the culmiuating orogenic uplift. This is the level preserved on the 
summits of the Pan de Matanzas and Yunki of the north coast of Cuba, 
and tbe 2,000 foot limestone benches against the Sierra Maeslra of the 
south side of the same island ; also the John Crow and Yallahs Moun- 
tain levels of Jamaica. 

Tbe middle group may be of late Pliocene and early Fleistooeiie c^e, 
while the newer or coastal group, characterized by being largely composed 
of elevated reef rock, is the product of the late Pleistocene or recent 
emergence. 

After the Bowden subsidence, there was further elevation, which added 
the Bowden formation to the Antilleaa margins. This was not so in- 
tense in amplitude as the preceding orogenic uplift, but far reaching in 
its effect and geographic importance. The Antilles were expanded to 
areas probably embraced by the present 100 fathom lines, enlarging 
the eastern and southern margins by narrow ribbons of restored land. 
This uplift was greatest on the continental mainland, the movement 
being leas felt in the Antilles. 

The whole of the Cnaalnl Plain, with its Appalachian background and 
theGreat Plains region of the United States, and probably the Cordilleran 
region also, participated in this upward movement. Southern Florida, 
heretofore West Indian in its relations, was united with the laud to the 
north and became populated with North American mammals. The 
island could have bad no Antillean or Bahaman connection at this time, 
for these raaramala are not found in the latter regions. The elevation, 
however, was not sufficient to establish a united Antillean continent 
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with great rivers which have since been submerged, as alleged by J. W. 
Spencer.^ In the eastern and southern United States, Central America, 
Panama, and the Antilles, extensive degradation occurred, marked first 
by deep incisions of canyons on rapidly rising land and base-levelling of 
the borders, and next by deposition of the aggradational material over 
the recently formed plains. This epoch apparently corresponds with that 
which has been described as the Lafayette by McGee, the time of which 
was before the close of the Pliocene. 

In the Antilles proper, and on both coasts of Costa Rica and Central 
America, this movement is recorded by a number of long continuous 
base and beach level terraces, the highest of which are 600 feet above 
sea level in the Antilles, as exemplified in the Yumuri ten-ace of eastern 
Cuba and about 200 feet in the Panama-Costa Rican region, as seen in 
the Monkey Hill and Naos benches of Panama. There are no bench 
marks in the Windward region by which this movement can be cor- 
related there, the field of elevation probably not having reached so far 
to the eastward. If the Panama and Yumuri levels are synchronous, — 
and concerning their identity we are not yet fully satisfied, — there is 
evidence of a considerable diflerence in amplitude of uplift between the 
two points, the greatest movement having been in that portion of the 
Antilles adjacent to the Windward Islands, there exceeding that of 
the Panama coast by some 600 feet. 

During this epoch vulcanism was continuously active in all the present 
regions of living volcanoes, as well as in the Cordilleran region of the 
United States, although expiring in the latter. 

The margins of the present Antilles and Caribbean and Gulf main- 
lands were flooded by the seas in late Pliocene time, and subsidence 
may be presumed. The continental coastal plains of south Florida, 
Mexico, Yucatan, Costa Rica, and Trinidad, the lowlands of the pre- 
expanded Antilles, and the Atlantic margin of the Windward platform, 
were veneered during Pliocene time with a coating of oceanic debris 
composed of shells and calcareous muds. IIow the western Gulf region 
was aflfected during this epoch cannot be stated with clearness at present, 
but from the fact that the rivers of the back coast country of Texas were 
partially drowned and partially refilled with alluvial sediments, it is 
probable that that region was much lower than at present. In Tehuan- 
tepec and Costa Rica the Pliocene marine deposits indent the Gulf 
and Caribbean coasts for a considerable distance inland. During this 

1 Keconstruction of tlie Antillean Continent. Bull. Geol. Soc. Amer., Vol. VL 
pp. 103-140, Rochester, 1896. 
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epoch the Antilles wore restricted to a fractioD less than their prcaeut 



This BubBidenca of late Pliocene or early Pleistoceaa time did not 
loner the Isthmian barriers sufficiently to permit the commingling of the 
two oceans across them, or to divert the Gulf Stream across it ia Pleis- 
tocene time, aa has been frequently asserted, nor is there a single fact in 
the geology or geomorphology of the Istljmus of Panama to warrant this 
conclusion, lluw long this aubaidence persisted in the Tropical re^ons 
cannot be stated with accuracy. 

There is ono point in this history which seems to present a hiatus 
There shoiUU be some record of a subsidence in early Pleiatocene time 
corresponding with tbe great Columbian depression of the North Amcr- 
icuu coast in the Glacial epoch. We must confess, however, that the 
structure of the islands affords no data whereby it can he exactly estab- 
lished in the islands, although the Isthmiau and Texan coasta clearly 
record traces of such an episode. 

Following this Pliocene expansion were a number of paeudo epeiro- 
genie elevations which probably continued from Pleistocene time to*tbe 
present, marked by a series of interrupted uplifts of a large portion of 
the West Indian region, bringing the pre -sub merged plateaux, ridges, 
and benches to altitudes sufficiently near the surface (fifteen fathoms) to 
permit the growth of modem coral reefa, which as the elevation pro- 
gressed were elevated above the wateV, while other slopes of the sub- 
merged lands were brought successively within the limits of the reef 
coral growth, by which they are now inhabited. 

These later elevations of the West Indian region are recorded in the 
elevated reef and wave-cut bench and bluff topography or newer terraces 
of all the islands except the Leeward side ot the Windward Islands. 
The topography, whether seen against the margins of the older moun- 
tainous islands of the Great Antilles, or in isolated islands like Barbuda, 
Desirade, Alta Viela, Navassa, or a dozen other examples that might be 
quoted, is the most striking modem feature of the West Indies, and con- 
sists of a series of two or more low benches and escarpments rising above 
the sea. In Jamaica, besides the higher benches of older origin, they 
comprise four benches, the oldest and highest of which is composed of 
elevated Pliocene marls, and the three lowest of elevated coral reef rock. 
Barbuda, Sombrero, Navassa, and others, show a double terrace, consist- 
ing of a low coastal bench surmounted by a higher mesa suniniit. 

The newer gi-oup of terraces ia traceable and recognizable throughout 
the islands and margins of the whole West Indies, with the exception of 
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the Bahamas, the west side of the Caribbee volcanic chain, and perhaps 
the islands and coast of the north side of Venezuela, showing the wide 
extent of the recent epeirogenic uplifts. The elevated reefs of the West 
Indies, especially those forming the Great Antilles, are all manifestations 
of this event On the mainland of Florida, Texas, Yucatan, and Panama, 
it is recorded in the elevated position of synchronous Post-Pliocene for- 
mations of diverse material above sea level. Many small isolated islets, 
like Barbuda, Desirade, Marie Qalante, and Basse Terre of Guadeloupe, 
making the eastern limit of the Windward Islands, with their double 
benches, show their wide extent in that direction. Other isolated dis- 
connected islets, like Navassa, southeast of Haiti and Alta Viela, show 
the same unmistakable record in their benched topography. 

All these recently elevated benches are not reef rock, but many of 
them are wave-cut terraces. In Barbuda, for instance, they are com- 
posed of old beach and shallow littoral debris, now cemented into lime- 
stone, as are many of the Florida Keys described by A. Agassiz. It 
may be that the higher summits of the low benched islands of the 
Barbuda and Navassa type are remnants of the oldest Post-Plio- 
cene elevation, and that the lower terraces record a later Pleistocene 
uplift. 

Whether constructional benches of elevated reef rock or wave-cut 
cliffs and terraces, these phenomena are all manifestations of the same 
general uplift that has taken place in Tropical America since the Plio- 
cene subsidence we have described. 

The known data of the wide area of these Pleistocene and later up- 
lifts, as uniform as they appear, present some interesting facts showing 
important differential movements. These are characterized by wide ex- 
tent and small amplitude. The region of greatest uplift, excepting Bar- 
bados, is adjacent to the Windward passage, where a maximum of at 
least 600 feet is recorded. From this locality the amplitude decreases 
north, south, and west, the elevation being only a few feet at Colon and 
in southern Florida. To the south of east as far as Barbuda and 
Desirade east of Guadeloupe, the amplitude maintains an altitude of 
over 125 feet, indicating that the uplift was a very gentle oval swell, 
having an east and west axis. From Barbuda to Colon is about twenty 
degrees of longitude, or over 1,300 miles, and at the extremes and mid- 
dle of this line there are stations by which the differentiation of the 
movement can be determined, and these show that considerable differ- 
ences exist. At Barbuda the highest bench is 125 feet] at Navassa in 
the centre, 250 feet ; at Colon on the west, five feet. 
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Id the region of the Bahamas, accordiog to A. Agnssiz, BiibBidence has 
been jirogressing during epochs vhioh coireepoud with those rcgioual 
u]]lirtt! io the AntillsB. 

The uniformity of this epeirogenic movement is also broken at two 
places by synttlironous erogenic deformation ; on the Leeward side of the 
Windward Islands, where the modern reef rock is found 300 f^et above 
the sea iu disturbed patches, and at Port Licnon, Costa Riua, wliere the 
Pleiatoceno beds are deformed. Ftirthormun;, at the eastern extremity 
of tha region, the island of Barbados, the Post-Pleistocene uplift is en- 
tirely discordant with that of all the rest of the region, the coral reels of 
Barbados having risen to an altitude of 1,100 feet. 

Synchronously with the rising of the reef, volcanic piling has continued 
on the mainland aud in the Windward Islands, although the mass of 
ejeota during these later days is Lilliputian in comparison with the great 
heaps of d6bris piled up in preceding epochs. The present craters and 
vents of the Mexican, Coata Rican, and Windward summits are mere ant- 
hills capping the older mountains of ejecta. Tlie last volcanic Bros of tha 
Cordilleran region of northern Slciico and the United States expired in 
Pleiatooene time, 

The difTering altitudes of the aynchrotious elevated reefs teach some 
important lessona> On close analysis they show that the apparent uni- 
formity of uplift does not persist, aud resolves itself into a niile, awell- 
liko movement, with diiferent iutensities in various parts of the field, 
graUunlly decreasing towards the United States, where hitherto Post- 
Pleistocene movements of the West Indies and the continent had been 
considered bo uniformly coiitinuous. These inetjualities in the Post- 
Pleistoccno uplifts of the West Indies also controvert the position main- 
tained that the elevated terraces might be due to shrinkage of the sea 
rather than elevation of its bottom. 

The data presented are insiilllicient to show enough expansion of the 
West Indian lands in Post-01 igocene times to have connected the islands 
with the mainland or with one another, or to have created a continuous 
Windward bridge, as has been alleged. 

With the data presented, we can now briefly review the major pro- 
cesses of diastrophism which have produced these great changes of level 
in the Tropical region in later Mesozoie and Ccnozoic times, and their 
effects upon the configuration of the lands. 
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• 

It 18 apparent that the borders of the region were indicated after the 
Appalachian revohition, at which time protean lauds existed to the 
north and south in the then separate Americas. It is even possible 
that corrugations of Pre-Mesozoic rocks now concealed may have at that 
time underlain the North American Coastal Plain, and established the 
fundamental trends of the Floridian, Mexican, Central American, and 
Windward ridges, especially the long east and west Segovian ridge or 
ridges of Guatemala, and its possible extension into Cuba and Haiti, 
which constitute the most northern of the Tropical ranges. 

The Sierra Novadan revolution, at the close of the Jurassic time, 
undoubtedly played an important part in establishing the northwestern 
barrier of the Mediterranean region, and creating a permanent nucleus 
for the accumulation of subsequent lands against it. The present 
abrupt termination of the trend of the Sierra in southern California, 
and the absence of trends directly continuous therewith in northern 
Mexico, does not necessarily imply that related uplifts may not have 
occurred in the western Sierra Madre region of that republic concern- 
ing which we now know so little, except that its diminishing summits 
towards the American border, formulated by the later movements, are 
trending towards the Colorado Plateau. There may be nucleal lines of 
the older Nevadan trend in the Mexican region parallel to and en 
echelon with the Califomian Sierra. No trace of this revolution can 
even be hypothecated elsewhere to the southward in the Tropical 
American region. 

The Andean and Laramide (or Rocky Mountain) revolutions of late 
Cretaceous and Eocene time, although synchronous in age, have not 
thus far revealed continuity across the Tropical zone. As has been 
shown, no possible protraction of their trends can be connected across 
it. Neither can their trends anywhere be identified in Central America 
or the West Indies, where, on the other hand, the erogenic trends are 
directly across their paths and at right angles to them. The only visible 
effect of the Laramide movement upon Tropical America was to add 
another belt of land, the Mexican Plateau, to the previously existing 
continental mass northwest of the region. 

The Antillean uplifts which occur in the West Indian region (Great 
Antilles and Virgin Islands), Central America, and the Isthmus of 
Panama and the ranges of the Colombian-Venezuelan coasts and islands, 
constitute the members of the latest and most important mountain 
movement, and one which produced the present configuration of the 
region mentioned. 
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On closer study this ByBteiu preseats several intcrestiag minoi trendy 
aud its history reveals a compleiity of movements. lu JamaJcn, Cor 
iustance, and those ialonds around the Windward passage in the very 
benrt of the region, tvo movcmenU of diRerent epochs and aiial direo 
tions can be traced. The oldeet of these produco<i the intense folds uf 
liigher auramjts of eastern Cuba, Jamaica, an<l western Haiti, com- 
posed of terrigenous aud volcanic debris of Eocene and Cretaceous 
uge. A suLisequcnt subsidence destroyed the pre-existing continuity, 
and coated tlic lower slopes of tliese mountains with 3,000 feet of 
purely oceanic deposits. This yia& followed hy another uplift of Mid- 
Tertiary time, which was produced or accompanied by the vast igneous 
intrusions. The trends produced by these two events are quite distinct 
Those of the older uplift are northwest and southeast in Jamaica aud 
Haiti, and continued with the Sierra Maestra of Cuba, and constitute 
an almost closed amphiteatre of summits, broken only in the west by 
the Bartlett Deep. 

The trends of the later Miocene uplift, which added the pi-eaent white 
limestone areas to the Antilles, are strictly east and west, aud the struc- 
ture is that of simple open anticlinal folds. 

In the Panama and Honduras trends active vulcanism was in opera- 
tion during the earliest of these mountain making epochs, the chief 
erupted material being augite-porpbyritea The secoud erogenic epoch 
in the Antilles was accompanied in the Panamic, Costa Rican, aud 
Carribischen ranges by intrusions of a diifereut nature. 

The foregoing facta all lead to the conclusion that the erogenic 
growth of the cross ranges of the Tropical region was a series of inter- 
mittent processes. These were probably initiated back or before the 
early Mesozoic, as shown by the uplifts of the Segovian ranges which 
nre concentric with the southern margin of the older Appalachian 
trends. This may have been followed by movements in the later 
Mesozoic not yet deciphered. The chief revolutionary movement ef- 
fective in producing the present configuration occurred in the Miocene 
Tertiary. The Post-Eocene age of these uplifts is undoubtedly attested 
by the fact that in all the regions mentioned, including the Segovinn, 
where older rocks also occur, the ranges are composed of intensely 
folded Eoceno and Oligoceue strata which have been cut through by 
granitoid and basic intrusives. 

Concerning the origin and succession of volcanic events, the follow- 
ing facts can be stated. In late Cretaceous time vukanism was active 
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in the now quiescent regions of the North Mexican and Trans-Pecos 
Cordilleras, the Coastal Plain of Texas, the Isthmus of Panama, and 
the Great Antilles, Jamaica then being a volcanic island. The late 
Cretaceous limestones of Costa Rica contain angular specks of volcanio 
material intermixed with them, as also do the late Eocene sediments of 
Panama, which facts lead us to believe that the present Central Ameri- 
can volcanic plateau has been an intermittent locus of volcanic activity 
from the Cretaceous to the present, as also has the volcanic region of 
Mexico. 

The volcanoes of the Windward Islands, in my opinion, date back to 
at least the Eocene. In Mid-Tertiary time granitoid intrusions were 
pushed upward into the sediments of the Great Antilles, the Carribischen, 
Costa Rican, and Panamic regions. How extensively this remarkable 
event alfected the Andean and Cordilleran regions we cannot say, except 
that we have fragmental data which lead us to conclude that it cer- 
tainly extended to the Mexican Plateau, while Cross reports that the 
rocks of this epoch from Jamaica are singularly like the material of cer- 
tain laccoliths of Mid-Tertiary ago in Colorado. 

After the Miocene vulcanism became quiescent in the Great Antilles, 
and the Coastal Plain of Texas, but has continued to the present in the 
four great loci of present activity, — Southern Mexico, the Northern 
Andes, Central America, and the Windward Islands. In the last two 
regions mentioned, the greater masses of the present volcanic heights 
were piled up before the Pliocene, and the present craters are merely 
secondary and expiring phenomena. 

The wide occurrence of benches and terrace levels in the Tropical 
region is as conspicuous and important a topographic feature as the 
folded and volcanic mountains. Whether made by degradational or 
constructive processes, they record with unusual clearness the later 
regional movements, and in a manner corroborate the history recorded 
by sedimentary and paleontologic evidence. The three distinct groups 
of these phenomena of late Tertiary, Post-Pliocene, and Post-Pleistocene 
epochs respectively, having their typical development in the Antilles, 
around the Windward passage, are traceable, with local modi6cations on 
both sides of the Costa Rican divide. In the Windward Islands only 
those of the two later groups are positively defined as yet, while in 
Barbados only those of the last epoch occur under entirely anomalous 
conditions. 

With the date presented we can summarize the known history of the 
Antillean region as follows : — 
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1. The gc'olugy and configuration present no evidence whatsoever 
wlierebj paat knj oonueotiouB can be established between these iulanda 
and the Ngrth and South American lands in Poatjuraaaio time, espe- 
cially ia the Tertiary, I'leiatoceou, or ruueut epochs. 

2. The configuratiou and conditions of these islands in Pre-Jurasaio 
time cannot even be surmiaed. 

3. There are Home iiypothetical and biologic reasons for believing 
that the outer rim of the American Mediterranean constituted a partiij 
or complete bridge between the continents in Jurassic time, and that 
the Panama bridge did not then eiist. 

4. The fii-st dehnito evidence of Antillean lands is found in the 
eruptive rocks of lato Cretaceous time, when it is probable that there 
were marine volcanoes. 

6. The land debris constituting the Eocene strata throughout th» 
islands testifies the pre-eiistence of extensive Cretaceous land areas. 

6. There was a profound regional subHideucc in late Eocene and 
early Oligocene time, which subraerged all but the highest tips nf 
the Antilles, and which extended to the margins of the surrouuding 
continents. 

7. In late Oligocene or Miocene time there was a tremeiidoua oro- 
genic movement which resulted in uplift, whereby many of the islauda 
were connected with ench other, and possibly an insular southern por- 
tion of Florida, but not establishiug land connection with the North and 
South American continents. 

8. In Miocene or early Pliocene time the islands were severed by 
submergence into their present outlines and membership, which they 
have since retained with only secondary modification. 

9. In Pliocene and Pleistocene time there have been intermittent 
periods of elevation without serious deformation, but not suffii^ieut to 
establish land connections or to restore the islands to the heights and 
areas of Mid-Tertiary time. The Pleistocene movements, while epeiro- 
genie, were sufficiently differential to show that they were not uniform 
in all parts of the area, showing great dif^Tences in amplitude within 
the West Indian area, and were not harmonious with those of the 
North American coastal plain. 

10. The irregularities of the submerged configuration of the West 
Indian region are erogenic, and not due to submerged continental 
drainage systems. 

11. The elevated coral reefs of the West Indies were formed on 
rising lands. 
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PAST vn. 

APPENDICES. 



I. 

Additional Nots on the Geoloot of Porto Rico and Santiago 

D£ Cuba. 

SiNCB the foregoing pages were placed in type I have made a geologi- 
cal reconnoissance of Porto Rico and Santiago de Cuba. In the former 
island I found the general Antillean sequence, but modified by certain fea- 
tures hitherto known only in the Caribbean chain : — 1. An older plexus 
of water-sorted homblendic volcanic material, — tuffs and conglomerates 
with interbedded Cretaceous Rudistean limestone similar to that of 
Jamaica, composing the central mountains. 2. An Eocene system of 
impure lignitic sands and clays like the Richmond beds, occurring on the 
western side of the island near San Sebastian. 3. Fossiliferous marl 
beds overlapping the above, which at this writing have not been deter- 
mined. 4. Miocene coral limestone, unlike anything hitherto recorded 
from the Great Antilles, but of the type occurring in Antigua. These 
constitute the hilly country north and northwest of Lares. 5. White 
limestones of probable Pliocene age, composing the hills of the south 
coast. 6. Elevated reefs, but feebly represented. 7. Alluvial plains 
of Pleistocene age. Tlie terrace phenomena are loss developed upon 
this island than in any of the other Great Antilles, although the Pleisto- 
cene base-levelling is well developed in stream valley phenomena. Dikes 
of syenitic-like porphyry, probably diorites, were also noted cutting the 
older homblendic rocks. 

Evidence was obtained indicating that the greater mountain move- 
ment culminated before the Miocene, and that there has been at least 
one thousand feet of vertical uplift since that epoch. 

VOIi. XXZIT. 15 
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My researches at Santiago de Cuba, consisting of a Bection acrou 
tlic Sierra Maestra from tlie coaat to the Rio Cauto, convinced me that 
the crystalline rocks of that region are Cretaceoua and Post-Eocene 
Tertiary, and not PaleoMic, as aaserted by Fraz^ ; and I am more 
than ever inclined to doubt his conclusious and those of Bergt reUtico 
to Cuba and San Domingo. The descriptions of the region by Kim- 
ball are approximately correct and reliable. 
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II. 

SoMB Cretaceous and Eocene Cobals from Jamaica. Bt 

T. Watland Vauohan. 

Introduotory. 

Mr. Robert T. Hill has submitted to xne for study tbe viuious fossil 
corals that he has collected in his visits, made for Professor Alexander 
Agassizy to the West Indian Islands. The following paper has grown 
out of a study of a part of this material, L e. the so called Cretaceous 
and the Eocene species. 

Duncan is the only author who has contributed to the paleontologic 
literature on corals of these ages from Jamaica. His first paper, pub- 
lished jointly with Wall, " A Notice of the Geology of Jamaica, espe- 
cially with reference to the District of Clarendon ; with Descriptions of 
the Cretaceous, Eocene, and Miocene Corals of the Island,*' ^ contains 
notices or descriptions of the following *' Cretaceous " and Eocene 
species : — 

Latter Cretaceous, 

Diploria crassolamellosa, Edwards Heliastrsea cyathiformis, sp. nov. 

and Haime. Cyathoaeris haidingeri, Keuss. 

Heliastraea ezsculpta, Keuss. Porites reussiana, sp. nov. 

Five species in all, three of which are identified with European species 
and two described as new. As Duncan compares these species with the 
Grosau fauna, I took the opportunity while in Europe to visit the K. K. 
Naturhistorischcs Hofniusoum in Vienna and study Reuss's types of the 
Ciosau corals.' Later I went to London and studied in the collection of 

1 Qaart. Jour. Geol Soc. Tiondon, 1W6, Vol. XXI. pp. 1-15. 

• I am deeply indebted to Prof. Theodore Fuchs, Director of the Geological 
Department of tlie Imperial Hof mugeum, and to Drs. Wahner and Kittl for id^inf^ 
nie every facility posgibl^ in my itudiei. Prof. E. Suei8 gare rae acceai to all the 
collections at the Univeraity of Viexma, and I expresa my hearty thanks to bfan. 
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the Geological Society of London the originala and types of Duncan.' 

Theresult of tliia study was somewliataa I anticipated, — all of Duncan's 

ideiitilicatioiiB with European BpecicH are wrunj,'. The Diploria crau^ j 

lamellata (described iu tbis paper as B. conferticoitata) and CyaOiottrit I 

haidingeri of Duncan are botb new Bi>ccics. Ijitet- 1 have described the I 

fiirmor; the latter is Btill undescrilu'd. Mr. Hill has collected no j 

specimen of it in hia travels, aiid I did not have time wbile in Loudon | 

to study the species properly and have figures drawn. Duncan's 

ffeliattrtta exieulpla is not only not the same aa the Hetiastreea exseuipla \ 

of KeiisB, but does not belong to the same genus. It is a synonym ! 

of Se/iaitraa (= Multicolumuaatrffla, gen. nov.) cyathiformis, Duneau. 

This breaks down absolutely any comparison of tlie Jamaican corals ' 

with tiiose from the Gosau. It might be added that the Gosau is not i 

Lower Cretaceous, as Duucan Btates, but high in the Upper Cretaceous. | 

Eoctne. , 

ParacyatbuB sp. Styloccenia emarciata, var, La- 

Stylophura contorts, Leymerie sp. morck sp. i 

Stylophora toutorta, Tar, dot. j 

Duncan has published no descriptions or figures of these species, and I 
only very scanty notes. I made the following notes on the ortgiiisl ' 
specimens in the collection of the Geological Society of London, 

Paracyalhut flp., which Duncan compares witli P. caryopbt/Uitt (La- 
mai-ck).' The specimen is a fragment, so poorly preserved that one 
cannot determine any essential characters. Locahty, "Black Shnlesi, 
Grass Valley, Jamaic:i," according to lahel iu collection of the Geological 
Society; "Yallaha Valley," according to Duncan.' 

Slylopkora contorta, Leymerie sp. (Duneau). I could see no reason 
for separating the spccimeoB Bpecificnlly from Slylopkora affinii* of 
Duncan. The walls between the calices are usually not so thick. As 
the surface ornamentation has been ei'oded, the specimens cannot he 
accurately described. 

Styloccenia emarciata, Lnniarck sp. (Duncan) from Port Maria. There 
are thickenings at the comers of some calices, and there appear to he 

1 For till! priTilege I nin inclebled lo Mr. William Rupert Jones, Librarian, ami 
Mr. L. L. Belinfarle, Seoreury of the Geological Society. Mr. C. Dnviee Sli*r- 
bom. who WRB cataloguing and labelling the types in (lie Society's collectioas, did 
evcrylliing possible for me. 

! Op. cU., p. 8. 

» Op. ci!., pp. e, 13. 

* Quart Jour. Geol. Soc. London, ISCS, Vol. XIX. p. 430, PI. XVI. Fig. 4, 



hill: gioloot or jakaica. 



229 



remains of some pillars, so the coral is pretty surely a St^oecmia. The 
septa are apparently in two cycles of eight septa each, eight large septa, 
and eight small, making a total of sixteen. The walls are rather thin, 
.8 to .5 mm. thick. The calices are irregularly polygonal in outline, 
their diameters usually 2 mm. The calices are smaller than the 
measurements given by Edwards and Haime ; ^ they give 2.5 mm. for 
Sij^oecgnia emcarciaia. The detailed characters of the pillars and of the 
upper surface of the wall cannot be made out. Later in the present 
paper I describe this as Styloccmia duerdeni. 

In a later paper,' Duncan describes another species, Columnasirma 
ejferi, sp. nov., ^m *' Eocene shales, Jamaica." As he published a fair 
description and figures of this species, no further remarks are needed. 
In this same paper, in the table of West Indian fossil corals,* Paraeyaihui 
crctssiu^ Edwards and Haimc, is cited from '^ Jamaica, Eocene." The 
original specimen is indeterminable, and needs no consideration. 

Duncan's last contribution to West Indian paleontology is " On the 
Older Tertiary Formations of the West Indian Islands." ^ This paper 
deals with a collection of corals, made by Mr. P. T. Cleve on the island of 
St. Bartholomew, and considered by Duncan as of Eocene age. Duncan 
lists or describes the following species : — 



Flabellum appendicnlatum, Brong- 

niart sp. 
Stylophora compressa, sp. nov. 
S. distans, Leymerie sp. 
S. conferta^ Heuss. 
S. tuberosa, Heuss. 
Trochosmilia subcurvata, Heuss 

(figured). 
T. subcurvata, var. nov. 
T. insignis, sp. nov. 
T. argute, Heuss (figured). 
Asterosmilia pourtalesi, sp. nov. 
Stylocoenia emarciata, Lamarck. 
Stephanocoenia incrustans sp. nov. 
S. elegans, Leymerie sp. 



Astroccenia multigrnnosa, Heuss. 
A. ramosa, Sowerby sp. var. 1 and 2. 
A. d'achiardii, sp. nov. 
Ulophyllia macrogyra, Heuss. 
Plocophyllia caliculata, Catullo sp. 
Maniciua areolata, Linn. sp. 
Leptoria profunda, sp. nov. 
Circophyllia compressa, sp. nov. 
C. clevei, sp. nov. 
Goniastrsa variabilis, sp. nov. 
Solenastrtea columnaris, Heuss. 
Turbinoseris eocsenica, sp. nov. 
T. major, sp. nov. 
T. grand is, sp. nov. 
T. angulata, sp. nov. 



1 Hist Nat des. Corall., Tom. II. pp. 261, 252 

s Quart. Jour. Geol. Soc. London, 1868, Vol. XXIV. pp. 17, 18, PI. L Figs, la, 16 

» Op, cit., p. 28. 

* Quart. Jour. GeoL Soc. London, 1878, Vol. XXEL pp. 648-665. 



230 BULLETIN : MUSEUM OF COMPABATITE ZOOLOGY. 

TurbinoBeris antillaruiu, sp. nov. Aitneopom ponicoa, PicteL 
T. devei, sp. nov. Actiuacia rollei, Keuss. 

T, cjclolitoB. Bp. nov. Porites riimoBa, CaluUo, 

The originnia and types of these species aro partly in Stockholm and 
partly in the coUeetion of tbe University of Upealn. I have not been 
able to mnlte the journey necessary for aeeiog them, I am confident 
that the collection needs very careful reviaion, alter having studied, 
with Duncan's work in hand, the types of all of the species of ReiisB 
with which he identified West Indian species. I have studied also 
specimens of all the other European species oonsidered by Duncan in his 
paper. The corals from St. Bartholomew have aa undoubted Eocene 
or Oligocene fkcies. 

Rismf OP THE Hill and Jauaica Inbtitutb Coluictions bt 

Localities. 

Solomon Mountain, vrest of Mint, Westmoreland Parish ; Cladocon 
jamaicaonsis, sp. nov. : LepbophylHa agasaizi, sp. nov. 

Craigie, Parish of Hanover : Stiboriopsis jaQmicaensis, ^n. et Bp. nor. 

Pennants, District of Clarendon, Parish of Clarendon : Diptoria 
ferticostata, ap. nor. 

Mount Hindmost, District of Clarendon, Parish of Clarendon : Multi- 
columnastrtea cyathiformis (Duncan). 

Point Haldano, Port Maria, District of St. Mary, Parish of St. Mary 
StyloccBiiia duerdeni, sp. nov. 

Catadupa ; Trocbosmilia hilli, sp. nov.; Multi col umnastnea cyathi 
formis (Duncan) ; Diploria conferticostata, sp. nov. ; Diploria conferti' 
eostata, var. columnaria, var. nov. ; Trochoseris catadupcnsis, sp. nov. : 
Mesomorpha catadupensis, sp. nov. 

Near Cambridge Station, south of Montpelier, St. James Parish 
Turhinoseris jamaicaensis, sp. nov. ; T. cantabrigiensis, sp. nov. ; Den- 
dracis cantabrigiensis, sp. nov. 

The Fadnal Relations op thk Jamaican Pbe-Bowuen Coralh. 

Because cf insufficient description or the undeterminable character of 
the original specimens of Duncan wo must eliminate Cyathoseris 
haidinyeri, Duncan (non Eeuss) ; Paracyatlius sp., cf. carj-ophyllus, 
Lamarck; Paracyathus craesus, Edvards and Haime. 
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Arranging the other speoieB aooording to Hill's stratigraphio saceea- 
aoD, we haTe : — 

Cretaceous, 

NmiB Mountain Seriee, Cladocora jamaicaensis, sp. nov. ; Leptophyllia 
agaaaisiy sp. nov. ; Solomon Mountain. Stiboriopsis jamaicaensiB, sp. 
nov., Graigie, Parish of Hanover. Multicolumnastrsea cyathiformis 
(Duncan), Mount Hindmost, Trout Hall, and Cupius. Diploria oon- 
ferticostata, sp. nov.; Trout Hall and Upper Clarendon District, 
Pennants in Upper Clarendon District. Pontes reussiana, Duncan, 
Upper Clarendon District. 

Soeene, 

RiAmond Beds. Stylophora contorta, Leymerie sp. (fide Duncan), 
Port Maria. Astrocoenia duerdeni, sp. nov., Port Maria and Point Hal- 
dane, St Mary Parish. 1 Columnastnca eyeri, Duncan, Locality t 

Cambridge Bed* : Turbinoseris jamaicaensis, sp. nov. ; Turbinoseris 
cantabrigiensis, sp. nov.; Dendracis cantabrigiensis, sp. nov.; near 
Cambridge Station. 

Catadupa ^ Beds. Trochosmilia hilli, sp. nov.; Multicolumnastrsea 
oyathiformis (Duncan) ; Diploria oonferticostata, sp. nov. ; Diploria con* 
fertioostata, var. columnaris, var. nov. ; Trochoseris catadupensis, sp. 
nov. ; Mesomorpha catadupensis, sp. nov. ; Catadupa. 

We appear to have in these corals the unusual condition of several 
Cretaceous species ranging far up into the Eocene. Mr. Hill has a 
lengthy discussion of this subject in his report on Jamaica. 

There are six species fVom the Blue Mountain Series. As two of 
them belong to new genera, any evidence for geologic age must be 
drawn from the remaining four. The genus Cladocora ranges from 
Jurassic to present time, so the first species is indefinite in its evidence. 
LepiophyUia is Jurassic, Cretaceous, and Eocene, but the Jamaican species, 
Z. agcusiziy seems more closely related to the Cretaceous forms. The 
range of Diploria is from Cretaceous to the present. The nearest species 
to D. conferticostata is an Italian Eocene species. The genus Porites is 
a Tertiary genus, and if Duncan's generic diagnosis is correct, the Porites 
reussiana would argue for the age of tl^ beds in the Upper Clarendon 
District being at least not older than Eocene. If the genus of the 
species should be Litharaa^ as I suspect to be the case, it might be 
Cretaceous, but it seems more closely related to some of the Eocene 
species. It seems to me that there are two faunas in the Blue Mountain 
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Series, one from Solomon Momitftin and most probably Cretaceous > tlio 
other from tlie Cliireudon District, practically ideutical with theC&tadupa 
fauua, rai^ht be Eocene in ngc. 

The RicLniond hoda are iiudoiibtedly Tertiary, and from tbe similarity 
between Slylocania duerdeni and Stylocienia emartiata, I believe Dun- 
can was correct iu referring the beds whence tiiey were derived to 
the Eocene. 

The Cambridge beds can be referred to the Eocene (or possibly 
Oligocene) on the strength of their containing abundant specimens of 
Dendracis. This genus is not knotru from rocks older than Eocene or 
younger than Oligocene. Both specimens and species are abundant ia 
Southeni Europe and Northern Africa in strata of these ages. 

The Cntadupa beds also can probably be referred to the Eocene on 
the evidence of the Trochoimilia, which has a near European relation in 
T. aeutimargo, Reuss. The Diploria also has a European relation, 
Trachoierii is a doubtfully Cretaceous genus; it occurs in tlie Eocene, 
and there is a recent species. The occurrence of the species of DijJorin 
and MuUicolmnnaitraa in the Blue fountain Series has been noted. 

The faunas from the Kicbmond, Cambridge, and Catadupa beds seem 
quite different from the St. Bartholomew fauna, described by Duncan. 
Apparently they possess only one species in common, viz. the Styloeania, 
identified by Duncan as eviareiata. The stratigraphic afliuitiea nf the 
Jamaican species for European species are the same as those of the St. 
Bartholomew corals, and I believe more extensive study and collecting 
will show considerable resemblance, — especially after a revision of 
Duncan's types from St. Bartholomew. 

A very interesting fact is the great difference between the Eocene 
corals of Jamaica and those from the United States. 1 am very familiar 
with the Eocene corals from tlic latter, having just prepared an e.tten- 
sive monograph on them. So fur not a single species common to both 
has been found. Eocene corals are very abnndaut in the United States, 
liut tliey arc mostly smiple species belonging in large part to the genera 
FlaMlum, TurbinoUa, Sphenotrochus, Con/op!iyUia, Trochocyalhvs, Para- 
cyathm, Discoirockui, Plalytrochut, Parasmilia, JSupsammia, Palano- 
p/ii/Uia, Eadopaehys, and Stephannphyliia. Ocu/ina, MadraeU, and Den- 
drophyllia are well represented. In the Oligocene deposits of Mississippi, 
AUibama, and Florida, there are many compound forms. A species of 
Mesomorp/ia occurs in the Lower Eocene (Midway beds) of Alabama. 
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DESCRIPTION OF SPECIES. 

TBOCHOSMILIA, Edwards avd Haimb. 
Trochosmilia hilli, sp. nor. 

Plate XXXYI. Figs. 1-4. 

Fonn irregularly cyathiform, with a stout thick pedicel about one half the 
length of the corallum. Height of corallum about 22 mm. The ealice oval« 
with a slightly sinuous outline. Greater diameter 23.5 mm. ; diameter at 
nght angles to the greater, in the plane containing the vertical axis, 15.5 mm. 
The costffi are very fine, alternating in size, with beaded margins, as shown in 
Figure 3, Plate XXXVI. The crowded, very fine, beaded costs appear to be 
splendid specific characters. Septa very numerous, thin and crowded. One 
hundred and ninety septa were counted in the type. The systems and cycles, 
probably due to the irregular transverse outline of the ealice, are not distinctly 
difierentiated, but there appear to be six complete cycles. The total number 
of septa for a ealice with six cycles Ib 192. The septal margins are not dentate, 
bat there are striations extending across them perpendicular to the flat planes 
of the septa. The- calicular fossa is rather shallow, the ealice being wide 
open, with a small depression in the centre. No columella ; the edges of the 
principal septa meet in the axial space. 

Locality. Catadupa, Jamaica (collect^ by B. T. Hill). 

Type. Museum of Comparative Zoology. 

Remarks. This species bears considerable resemblance to the Trochogmilia 
acutimargo of Reuss, from the Eocene of Monte Grumi, near Castel Gomberto, 
and Monte Carlotta,^ Northern Italy. I would call especial attention to the 
specimen figured in Vol. XXVII. of the Denkschriften of the Vienna Academy 
of Sciences.' 

I had the opportunity to study the original figured specimen of this form 
in the University of Vienna geological collections. The chief difference 
between the two species seems to consist in the difference in the character of 
the costsB. The costae of acutimargo are acute or moderately rounded, while 
in hiUi the sides of tbe cost® are perpendicular to the wall of the corallum. 

1 Denkschrift d. Wiener Akad. d. Wissenschaft Mat. Naturhist. 01., 1868, Bd. 
XXVIII , Plate I. Fig. 1. Denkschrift d. Wiener Akad. d. Wissenschaft Mat 
Naturhist. 01., 1874, Bd. XXXIII., pp. 26, 27, Plate XLIII. Figs. 8-7. 

' In this volunie, page 189, Reuse calls this species Trochosmilia profunda, but 
later, in Vol. XXXIII. of the same series of puhlications, he shows that he had at 
first oonfased two species under the name profunda, and separates the forms into 
T. profunda and T. acutimargo, Plate L Fig. 1, VoL XXVIII., taking the latter 
designation. 
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By cumparing the description given above of hilli, with Reuss's exMllent 
description of acutimargo,' the close relationship of the two Epedea will be 
veiy apparent. 



CLADOCORA, En 
Cladooora jamaicaensis, >p- 

FlBte XXXT1. FlK> li-7- 

nitteJ fo me. It coi 



coneiBta of niany branches 
an indurated matrix of dark coloi^d calmre- 
limestone. In places the matrix is titahied 



One specimen haa been biiI 
of Cladocora firmly embedded 
ous sand and clay, or argillacec 
yellow by oiide of iron. 

The greatest length of the branches couhl not be made out, but one piece 
menaured at lenat 65 mm,, and another 50 mm. The following will show the 
size, fn millimetei^, of the corallites in. cross evction. The immbcra marked 
by osterieks are young. 





^ 


a 


> 




6. 


«• 


Greater dlamBIBT . . 


■fl. 


6. 


8 

6.5 




4 


4 
3.5 



The (listnnce apart of the bninchea in the colony ia variable, but they 
are not nmch crowded, the usual distance being from 3.5 to 7 mm. To lie 
sure, in some instances the hmnchea may be closer together or farther apart. 
No epilheca woa observed. The (iiitside of the corallites ia marked by Inw 
acute coatee, corresponding to all septa. In aiza they may vary according 
to the cycles of septa to whicli they respectively belong, or may bo suberiual. 
The septa are in four complete cycles, and there may occasionally be some 
membcts of the fifth. The lor^r septii show thickenings on their inner cu'Ih, 
probably ]iali. There ore not many diase]>imciit8, those present are thin and 
belly inward toward the centre of the corallite. The columella is variable in 
its development ; in one young calice there ia no columella, the axial space 
being vacant ; in other corallites there are a few processes from the septal 
ends forming a very insignificant false cobimelln, while in others the septal 
processes have fonned a distinct well developed false coluniella. Eejiroduc- 
tion by lateral genimution, two buds may stand opposite each other, as in Fig- 
ure 6, Plate XXXVI. 

Localily. Solomon Jlountaiii, west of Mint, Westmoreland Parish (R. T. 
Hill, collector). 

Ti/pe. Collection of Museum of Comparative Zoology. 
1 Op. dr.. Vol. SXXIII. pp. 26, 27. 
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STYLOC(BDnA, Edwasbs a«d Haimb. 
CHss^ooNiiA duerdMii, •^ nov. 

Plate XXXVn* Vlgt. 1-4. 

1866. Stffloetmia emardata^ Duncan (non Ltsitfck), Qwurt Jonr. GmL Soe. Lobp 

don, VoL XXI. pp. 7, S, 18. 
1668. St^ocania emardata, Doncan, Quart Jonr. GeoL Soo. London, Vol. XXIV. 

P.38L 

Form of corallam, a conyez mass ; type specimen, 28 mm. in diameter on 
the base and 24 mm. high. The specimen is broken off from a larger piecoi as 
Fig. 2, Plate XXXVII. shows ; therefore the above measurements do not repieo 
sent the original size of the corallam. Calices shallow, hexagonal, subeqnal 
in size, 1.5 mm. to 2 mm. in diameter, close together, separated by a simpk 
wall which is from a quarter to a half millimeter thick ; often there are thick- 
enings at the comers of the calices, and remnants of what appear to have 
been pillars. Septa sixteen, eight large, which fuse to the columella, and 
eight small shorter ones. Dissepiments present, apparently numerous, ynaj 
thin, in places may be close together, .0 mm. apart. The coliunella k 
styliform. 

Localiiy, District of St Mary, Parish of St Mary, Point Haldane (Institute 
of Jamaica) ; Port Maria (Geological Society of London). 

Tifpe. Collection of Institute of Jamaica. 

The specimen that has come under my observation does uot permit a movt 
detailed description. The description and figures seem sufficient to make the 
species recognizable. This is undoubtedly the same as Duncan's Styhcmiia 
emarciata^ as a comparison of the above description with the notes already 
given on his original specimen will show. The Styloccenia duerdeni seems to 
me distinct from Styloccenia emarciata, both from the descriptions of the latter 
and after a comparison with specimens of the latter in the U. S. National 
Museum. The calices of emardata are much larger, the maximum diameter 
being 3 mm. The usual diameter is 2.5 mm. or a little more, while in 
duerdeni the usual diameter is between 1.5 and 2 mm., with 2 mm. as a maxi- 
mum. This makes a difference in size of almost a millimeter. Although the 
specimen of duerdeni is worn, in places the surface does not appear to have 
lost much from attrition, so one can determine the depth of the calices. They 
are much shallower than in emardata. 

MULTICOLUMNASTB^A, gen. nov. 

This genus is closely related to both Orhicellay Dana, and CohimnattNeOt 
d'Orbigny. In the description of the only known species of the genus much 
detail is given, so here only the more general characters will be pointed out 
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Comllani, componnd, one of the Ailraitlce agglomtralet gemmanlei accord- 
ing to Diincnn's claBsifioation. Reproduction by buil.liny lietween the calices. 
The form ramnus, or in smalt heada (pee Duncan's M. cyathiformii). Coral- 
lites nither small, jnined b; costs- The surface of the extra corallite are& 
gniiiulate, the granules placed along the coflte, which become plainly visible 
only in sections. Septa, in ty[ie species in three cycles, with very obpcurely 
dentfite, almost entire margins, sides gninnlate. Puli before the first and mq> 
ond cycles. The pali ore aninll and deliente, and are not arranged in tiro 
distinct crowns, although Bomctimen those before the second cycle are a little 
nearer the wall than those of the first cycle. Endotheca present. Columella 
usually of several sCuut pillars, each having a rounded knob-like upper surface. 
The ntimber of pillars varies from one to four, Wlien there are one or two 
large pillars a small one or two may oftt^n K- seen. In section, the pillars are 
joined by processes to each other and to the inner ends of the septa, so the 
Golnmella in sections appears spongy, btit by caivful examination the pillarts 
can be distinguished. 

This genus, although it groups with Orbicella and Columnasiraa, is very 
distinct The surface between the corallite is very different from that of the 
fiinuer, and a further distinction is in the columella. Orbicella has a false 
spongy colnniella. In Miinich, through the courtesy of Oeheimerath Fn>f. 
von Ziltel, I had the opportunity of studying a fine suite of Calumnartrrra 
ulriali (Ooldfuss), the type species of the genus,' The colniitella in Colum- 
naiilreea *lriala is a simple style. There is a single crowii of nix ]>eli sur- 
ninndtng it, standing before only one cycle nf septa. In neither of these . 
easenlinl generic charftcters does the Jnninicnn coral agree with Columnailrva ; 
the columella of llie former, as already stated, is nut a siiiglu style, but consists 
usu.iUy of several pillars ; there are not nix. but twelve pali. It seems inipoa- 
sible lo include the two in the same genus; therefore I have suggested a new 
generic designation for Duncan's Ihliatlrfta njalhi/ormie. 

In the following specific descrii'tion there is some repetition of the descrip- 
tions of characters given iu the above. 



Multicolumnastrea oyathiformia (DcKCi 

Plate XXXTII. FiBB, S-t. Bnd PUte III. Tig. 1 



18S5. HeUiitT/ra exseidpta, Duncan (non Reuss), Quart. Jour. Geol. Soc, 

London, Vol. XXI. pp. 7, S, U, 
1BG5. IMuutraa cyatliiformii, Duncan, Quart. Ji 

XXI. p]). 7, 8, Plate I. Figs. 1 «, 1 h. 
1868. Hdiaslraa exiculpUi, Duncan, Quart. Jov 

XXIV. p. 24. 
1868. Htliaglrmi ajnfhifnrmi', Duncan, Quart. 

Vol. XXIV. p. 24. 



. Geo!. Soc. London, ■\"ol. 
Geol. S<«;. London, Vol. 
our. Gi-ol. Soc. Loudon, 



1 Edwards and llaime, Hist. Nnt. Jes Coral., 1857, Tom. II. pp. 202, 263. 
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ConUnm UBoallj branched ; the branches make a verf acute angle with one 
another at place of bifurcation, rounded or compressed; the diameter langea. 
from 1 to 3 cm. One compressed branch has a greater diameter of 25 mm^ 
and a lesser of 13 mm. The ends of the branches are rounded, some- 
times swollen. An aberrant and unusual form is that of the spedmen 
figured by Duncan as the type of Heltastnea eyaihiformii. This specimen is 
expanded above and excavated in the central portion so that it has some 
resemblance to a cup. The calices project very slightly or not at all above 
the extra corallite areas. Their diameter is 2 mm., and the distance apart 1 to ^ 
1.0 mm. The extra corallite portion of the corallum densely granulate, the 
grannies rounded or elongate and arranged along the summits of flexoous 
costflB, which are not distinct on the unworn surfaces. Corallites joined 1^ 
coetfls. Calicular fossa shallow. The septa are crowded, and the upper maigins 
form a little rim that contrasts strongly with surrounding granulate area. There 
are three complete cycles. The first and second cycles are usually indistinguish- 
able in size, both reach far into the corallite cavity and have pall on the inner 
terminations. The margins are slightly dentate. The columella is variable. It 
consiBts of one, two, three, or four stout pillars, each vrith a rounded upper sor- 
iaco. Endotheca well developed, the dissepiments are fine and close together. 

LoealitieM, Catadupa, Jamaica (R. T. Hill, collector); Mount Hindmost, 
District of Clarendon, Parish of Clarendon (Jamaica Institute collection). 

NoUt, The results of the study of the type of Beuss's Helitutraa exiculpta, of 
the oAginal specimens of Duncan's '* H. exaculptat** and of the type of Duncan's 
Hdioitnga cyathiformUf have already been given in the Introductory remarks.^ 
Duncan's specimens of '* Heliastraa exsctUpta " are of the same form as Plate 
(so called) are not the species of Reuss at all, but are branches of his own 
XXX y II. Fig. 6 of this paper. His Heliastrcsa cyathiformii is only an abnor- 
mal form (i. e. it possesses an abnormal shape) of the same thing. The caliceSy 
etc. are identical in the two. Duncan's figure of the calices of Hdiattmu 
eyaihiformU is extremely misleading. 

Additional Localities, Duncan had specimens from Trout Hall, Mount Hind- 
most, and Cupuis identified as Heliastrcea txsculpta. The specimens from the 
first two places are without any doubt MulticolumnastriEa cyathiformit. The 
specimen from Cupuis is worn, and I could not identify it positively without 
sections, but it seems to be the same species as the other specimens. 

The type of HeliastrcBa cyathiformis is from Trout Hall. 



STIBORIOPSIS, gen. nor. 

Corallum massive, heavy, subplane above. Septa solid, imperforate, dentate, 
pali or paliform lobes before the principal septa. Endotbecal dissepiments 
abundant Wall formed by the fusion of the distal ends of septa. Columella 

1 Vide ante, p. 228. 
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■pongy, with & papillaiT uppa temuDatian. Keproduction b^ septal budding 
and fiadon. The calicet form Bburt aeries, witli two to four di'tlinct calicinil 
centre*. lu many pUc^ ou tbe upper surEace ol tbe coralloiii the walU o( 
neighboring setiti ueem fuswl together, but Iji more eroclm! places the walla 
appear distinct. lu the section repreaented in Plate XXXVIII. Kif*. 4, il la 
diacinctiy ohnnn that the wuUs of the Beriei are not fusn], but that tbe conl- 
liteB are joined to each other by their costxe. There appeata to be bomh 
exotheca. . 

Three other genera Mem eloaeljr lelated to the one here cbaracteriaed. The 
first i» Sliboria of ^talloti. Tbe following IB tbe original duBcription : > " Polj- 
pier massif, ^troitenient fix€, «n lamea peu ^])mssee; lea furies d'asHei failile 
loDguenr; calicea doubles, plus on luoinK tortueux, »£par4s par un aillon OMei 
^Iroit, au food dmiuel on aper^oit plusienrs li^riea de granulstjons ; tissu peu 
compacte. Centre* complfetemeiit iudistincta, psa de columelle. Lea oldson* 
dent^a Bnulement prfea du centre ; une S[iitbt.iue." The points of difference 
are, !«t, the Berica in Stiboru>pai are nut sepurated by a furrow ; Sd, the caH- 
cinal centres ate djatinet; 3d, there is a spongy columella, with a papilliux 
upjter surface, as stated in the description. 

The genus is also closely related to SymjA^Uia, Edwards and Holme, and 
Iiophyllia of the sitme aittbors ; but both of tlie genera bnve the septa strongly 
apioed, whereus Stiboriopiit lius simply dentate septn. 

BUborlopsis Jamaioaeasis, sp- nor. 

Plate XXXTIU. FU*. S-4> 

The details already presented need not be rej)eate"l. The specimen upon 
which tbe genus and species are based is a moss 89 iiiiii. long, 63 mm. wide, and 
about 45 iniu. thick. As the specimen baa been subjected to some rolliof;, it 
originally was larger. The upper surfiice is eubplane, slightly convex. Soli- 
tary calices have a diameter uf 7 to 9 iniu. One series of three calicea measurea 
15 mm. long and about 5 nini, wide ; another of four calices ia 20 ram. long and 
5 to 7 mm. wide. The thickness of tbe walls, with inlersjMice between tbe series, 
ia from 1 to 2 mm. The aeries are rather straight, veiy slightly fleiuous. The 

II a a e no ry deep, and ore widely open. Tbe septa are only nioderalelv 
H u and are n greatly crowded. A solitary calice about 8 mm. in diameter 
h s al h ail septa, alternately lar^e and small. This would be three 

c mj I 1 itli twelve menibere of the fourth. This septal arraiif,'enient 

s n n Tl e various systems and cycles are not distinctly differentiated. 
The h on tbe septal margins could be f>een on only a few septa, but they 
are not r»e The inner terminaliona of the larfie septa are swollen, and 
bear pal f tb. Tbe swollen ends and paliform lolies make a sort of 

Le h a B un rutana, 1863, p. 386 ; see Plate LVII. Pig. I. The date of tliii 
work ia a little uncertain. The Geological Society of Lonilon Catalogue giies it a* 
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erswii «iiTroiiiid5j3g the eoliunellar tenniiiatioii. The upper end of the oolamella 
li in a depveanon euzTounded ebove by the crown. These swollen ende of the 
iepta soraetunesfose ktonlly with one another. The aides of the septa are beset 
vith crowded pointed gmnoke. Endothecal dissepiments very abondani ; in 
the cross section of one inteneptal locnlus seven were counted ; usually at IsMt 
three axe present in esch cross section of Uie loculL The dissepiments an 

Locality. Craigie, Pansh of Hanover. 

l\p$. CoUection of Institute of Jamaica, Kingstoui Jamaica. 



DIPLOBIA, Edwabds Aim Haiks. 

In examining the literature on DipUma I find that certain of its features are 
■o Tagnely described that one is likely to fail to recognize the genus. In 
ebivaeterizing the genus Edwards and Haime state, ^ la columelle est spon- 
gkuse, essentielle et bien d^elopp^." ^ Duncan's description of the coluinells 
in his ^^Bevirion of the Families and Genera of the Madreporaria/' * is merely 
a translation of the original French. In examining specimens of the Bpedes Of 
D^loria herein described, of D, croMolameUoBOf Edwajds and Haime, and from 
figures of D. flexuonmmoj d'Achiardi, the persistent presence of a lamellar 
colunicQa was noticed. 

In the first characterization of Dipkriaf only the Mceandrina eerebriformU 
of Lamarck is mentioned, so this species, the common Diploria cerdnrififrmv of 
the West Indies, is the type of the genus. A study of tlHs species has shown 
that it possesses a lamellar columella, which is given a spongy appearance in 
plaees by the inner termini of some septa fusing to it and sending out some 
pfocesses in the axial space. The columella la not continuous throughout the * 
whole length of a series, but is broken here and there by what probably are 
ealidnal centres. A section of one series parallel to the septal planes riiowed a 
perfectly distinct lamellar columella through a vertical ditrtance of 1 cm* 
This was the length of the section. 

The usual definition of Diploria must be modified so as to include the obser- 
vations above noted. 

Diploria confertdoostatc^ tp. nov. 

Plato TTTTX. Flea. 1-8. 

196&. Diploria ertissolamellosa, Doncan (non Edwards and Haime) Quart. Jour. 

Geol. Soc London, Vol. XXI. pp. 7, 12. 
1868. Diploria crasaolamellosa, Duncan, Quart Jour. Geol. Soc. London, YoL XXIV. 

p. 24. 

1 Hist NatnreUe dee CorallfaOres, 1857, Tom. IL p. 401. 

s Joom. of the Lina. Soc. (ZooJ.), 1884, Vol XVm. p. 88. 

s Ck>mpte8 Rendas de TAoad. des Sc (Fttfls), 1848, Tom. X2CVJLL p. 408. 
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An examination of the original Bpecimens of Dancan in tbe collection of tLe 
Geologiwil Society of London proved that the Bpecimena coUectfid by Mr. HiH 
at Catadupa arc identical with the Diplorut crateolameltoaa of Duncan, which 
a etoAy of Diploria craatolamdlosa, Edwards and Hainie, aLowcd to be an 
entirely different Hjwcies, 

Form, flat, lobed, or auliglobose mflssea. The largest sjiecinien eiamined 
(from the Institute of Jamaica collection) is 80 mm. lon^;, Gi mm. wide, and 
51 mm thick. The wries ore very long, narrow, and fleiuona ; one series may 
wind around over nearly tbe entire upper nurface of the specimen. Tlie valleys 
ate elevated above the eoUines, — i.e. the depreaaion lietween the seriea ia 
quite deep, sometimea as much as 2 mm. Tlie width of the eerie* is from .5 
to 1.5 mm. ; 1 mm. in a fair avera^ ; the distance between the series is from 
1.5 to 3 mm. Tbe whole upper extraserial surface of the corallum is covered 
with very ftne, low, acute equal coslw, with graiiulationa on the edges. There 
are 45 to 43 cobIeb to tbe centimeter. The «epta correspoud to the custo! in 
position and number ; they are very crowded, ore of the same siie, or are 
altemutely slightly larger and smaller. Their upper edges but little elevated, 
falling in a convex curve to tbe bottom of the calicular furrow, which is veiy 
narrow. DiasepimenlJt are t^uite numerous. The columella is lamellar, broken 
here and there by calicinni centres. In lonptudinal section it can be seen 
that the inner edges of the septa fuse by processes placed one above tbe other 
tu the columella. 

LoealitUt. According to Duncan, Trout Hall and Upper Clareiidon. E. T, 
Hill's collection, Catadupa. A specimen from the Institute of Jamaica is ftom 
tbe District of Clarendon, Parish of Clarendon. 

Ti/pci. Museum of Comparative Zoiiloyy, Harvard University, and Insli- 
tute of Jamaica ; specimens in collection of the Geolo^cnl Society of London. 

Remarks. It is difficult to see how Duncan ever ideiitilie<l this sjicciea willi 
D. crasiolamtUaia, as Eilwords and Haime state: "Lar^-eur dea t-a11^ii, 3 
millini. On compte environ 18 cloiaons dans la longeur d'un centimelw." ' 
As already noted, tbe width of the valleys in D. conferticoslata is .5 to 1.5 nun,, 
and there are 45 to 48 septa to tbe centimeter. The Bpecies are only ):p- 
nerically related. But tbe Jamaican form is extremely closely related to 
Diploria Jleiiiosissiina, d'Acbianli,' from the Eocene of San Giovanni 11a- 
rione, Italy. In fact they are so near each other that I thought at first the 
Jamaican form must be considered identical with the Italian form. Reuss' 
!ias published a good figure of D. fieivoeaisiima, and made some critical notes. 
For pnqmses of comparison tbi) greater part of Reusa's deacviption is quoted : 
" Die Oljerflacbe ist mit aclimaleu und seichten, sebr langen, vielfacb gewundo- 

> Hist. Nat, des Corall., Tom, II. p. 405, 185T. 

' Cor.illarj Fossili del Terreno Xummulilico dell' Alpi Venete, Mem. della Soc. 
Ital, di Sc. Nat, Tom. IV. Ko. 1, 1S08, p. 26, Plate XL Fig. 4. 

' Deiiksch. d. Wiener Akad. der ■\Viiscn«cli. (Matli.-Wiss.), Bd, XXXIIL p. II. 
Plate XXXIX. Fig. 1, 1874. 
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nen Sternieiben bedeckt, die einen QuerdarchmeBser von 2-3 Millim. besitzeiu 
Sie werden dorch wenig tiefe Zwischenfelder getrennt, die in der Kegel eben 
BO breit sind als die Thaler nnd nur stellenweise, besonders an Punkten 
stirkerer Erummang, dch mehr ausbreiten oder im Gregentheile verengeni. 
Sie Bind mit gedrangten, wenig nngleichen Rippcben beetetzt." 

The columella is practically the same as in D. conferticostata, sometimes 
appearing somewhat spongy. ** Die Septallamellen sind gedriUigt und diinn, 
an Dicke wenig ungleich. Zwiscben zwei langere findet man jedoch fast 
regelmassig eine viel kiirzere eingeschoben. Die langeren verdicken sich in 
der Nahe der Axe zu einem starken Xn5tcben, das sich mit den benachbarten 
▼erbindet. Die dadurch entstehende Knotchenreihe wird von der Axenlamelle • 
dorch eine ziemlich tiefe Forche geschieden. In der Lange eines Centimeters 
xaiblt man etwa 44 Septallamellen." 

From this description three points of difference become apparent: Ist, the 
valleys in D. conferticostata are only about half as wide as in the species from 
San Qiovanni Ilarione ; 2d, in the former there is not that alternation of 
longer and shorter septa characteristic of the latter; 3d, in the Jamaican species 
there is no series of fused knobs, corresponding to the inner termini of the 
larger septa, on either side of the columella, and separated from it by a rather 
deep furrow. After having made this comparison, it will be easily seen that 
the two species are very distinct ; but the features that they have in common 
show them to be closely related. 

Diploria oonfertioostatc^ var. oolumnaris, var. nov. 

Plate XXXIX. Tig, 4« 

In the preceding discussion, I have purposely omitted the consideration of 
a specimen that seems to me to be a youug one of D, conferticoitatOj with a 
different mode of growth. The form is a short ascending column, about 
38 mm. high, with the following dimensions. 28 mm. below the top : greater- 
diameter, 18 mm.; lesser, 12.5 mm. At the top the specimen is compressed 
and has begun to bifurcate. Here the greater breadth is 22 mm. ; the lesser 
varies from 2.5 to approximately 10 mm. The 10 mm. Ib the thickness of the 
thicker branch. The series are very long and much wound. The distance 
across the valleys is 1 to 1.5 mm. ; across the collines about .5 mm. There are 
about 30 costae or septa to 5 mm., — 60 to the centimeter. The depression on 
the summit of the colline is usually very obscurely or not at all marked ; in 
some places it is moderately distinct These are the points of difference. 
The specimen is evidently immature, and I am confident that it is only a 
yonng, somewhat peculiar variety of the D. conferticostata. 

Locality. Gatadupa, R. T. Hill, collector. 

2Vp0 of Variety, Museum of Ck>mparative Zoology, Harvard University. 

VOL. zxxiv. 16 
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TBOCHOSEBIS. Edwards akd I!a<m>. J 

^^^L Troohoaeris catadupeosis, «p- nov. j 

^^^H Plate XXXIX. Tlgt. S, S. ' 

Conllum short comute, atlached by a pedicel, ealice fliiring out. Height of 
corulluiu 13 lum. Diameteis 3 mm. below caliculor margin: longer, 12 mm. : 
shorter, 10 mm. Diameters of culice : greater 16 mm. ; losaer 15.5 mm. llie 
outer surface marked by low Bubnuute c^tw, alteniatuly laj^-er nnd emaller in 
BJM, with graiiulatol or ilentate margins. The wall, where it couU be clenncit, 
showeil no perforiLtions. The exact number of septa could not l>e mode out 
with absolute certainty ; by counting costw and septa where not broken off, 
140 Beemed to be ibe number, — i. e. there are five complete cycles with 
about half the members of the aixth. To be sure, the septa are much 
crowded together. The membcra of the first, second, aud some of the third 
cycles reach the columella ; those of the higher anastomose to the lower after 
the type of juuction in Trodiotcrii dUlorla (Micbeliii). The septa are solid, 
their aides arc granulate, and their margins appear to be dentate. Synapticula 
present in the inlerseptai loculi. The interseptal loculi filled up with oalcareoas 
deposit. The calicular fiwieCt*! in tlie oxiat region is narrow and moderately 
deep. The columella is small, rather deep seated. It appears to be coiupo^ed 
of several ttabeculce. The chatactera of the columella could not be made out 
as folly as was desired, but one u pioent, though it is small. 

Locality. Catadnpa (K, T. Hill, collector). 

Type. Slusouni of Coniparutive Zoology, Harvard University. 

Jiemarks. The specimen on which this species is based is apparently well 
preserved, but on account of the calcareous filling of the lower portion ami 
the indurated condition of the matrix, calcareous sand and clay, many hours 
of study were necessary before the features embodied in the above description 
could be discovered. The description is not so full as is desirable, but in 
every essential feature the species coincides gpiierically with Troehostris, as a 
very careful comparison with T. disloria showed, and as it is peculiar for tlie 
West Indies, it should be easy to recognize it hereafter. 



LEPTOPHYLLIA. Reuss. 

LeptophylUa aeossizi, ep. nor. 
Plate XI.. fist. l-<. 

Form of corallum: only one piece, with a few attached very young indi. 
viduals, has been submitted to me. This piece is 27 mm. long ; on the lowtT 
end the greater diameter is 14 mm., the Ipss-'r 12.5 ; on the upper end the 
cross section is practically circulw, .ind is about 17 mm. in diameter. The 
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baae of one attached young individual measured, greater diameter, 7 mm.; 
lesser, 5 mm. ; height, 3.5 mm. The hase may be larger or smaller, judging 
from other imperfect young. From these data, the corallum is tail, subclavate, 
gradually enlarging upward, attached by a moderately large base, with a 
slightly elliptical cross section. Strictly speaking, there is no wall, the septa 
joined in their distal portions by numerous synapticulsa. Externally the 
oorallum is ornamented by very many very fine cost® (the peripheral ends of 
the septa). The costie show sometimes a faint, sometimes a distinct, alterna- 
tion in size; the edges are granulate. Between the costss are numerous delicate 
synapticulss. There is no epitheca. Septa very crowded, numerous ; 144 were 
counted on the smaller end of the type ; some small ones may have been over- 
looked. There are five complete cycleB, and many members of the sixth. 
There is some anastomosing among the septa, the 1st, 2d, and 3d cycles reach- 
ing the axial space. The septa are very thin, very perforate, and synapticula 
are very abundant in the peripheral portion of the corallum, making a good 
substitute for a wall. Dissepiments may be present. I was unable to detep 
mine this. On the sides of the septa, pointed granulations are quite frequent. 
There is no true columella, but a few processes from the larger septa form a 
Tery lax and very insignificant false one. The calice in the specimen has been 
destroyed, but it can be seen that the fossa was moderately deep. 

Locality* Solomon Mountain, west of Mint, Westmoreland Parish (B. T. 
Hill). 

Type. Museum of Comparative Zoology, Harvard University. 

Remarks. Every character of the coral seemed to agree with those of Lep" 
tophyUiOm For a description of the detailed characters of the genus, Ptatz's 
" TJeber den Aufbau des Septalapparates einiger charakteristischer Ghittnngen'' 
should be consulted.^ 



TURBINOSBRIS, Duhoan. 

Much difficulty has been experienced in trying to place generically the two 
coi-als next to be described. This difficulty has arisen from the insufficiency 
of the original characterization of the genus. Duncan proposed the genus' 
for a new species called by him Turbinoseris de-fromenteli from the Lower 
Greensand, giving the following generic diagnosis: " The corallum is simple, 
more or less turbinate, or constricted midway between the base and calice. 
The base is either broad and adherent, or small and free. 

" There is no epitheca, and the costse are distinct. 

'< There is no columella, and the septa unite literally [nc, laterally], and are 
very numerous." 

1 Palaeontographica, 1882, Bd. XXIX. pp. 90-92. 

s Monograph Brit. Foss. Corals, 2d series, PaUsontog. Soc, VoL for 1869 (1870), 
pp. 42, 48, Plate XY. Figs. 18-18. 
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In (Wcribing the speciea.two oddilional ehaniRtera of importdDce are stated: 
" 'I'bo aynapliuiilBB are well developed," aud " The ooslse are well developed, 
and often not contimiouB with the septal ends." No diacuasion of the charoi!- 
tcrof the wall is given, bat both Fisurea 13 aud 14, Plate XV., reptegenl a pc^ 
fonrtoorBynapticulatecompoaitioii, Figure 18 of tbeaome plate illuBtratea ibc 
noldwortbj' condition of the oostse altemnting with the aepta. Figaro 16, repre- 
senting a c*Iioe natural she, sbowa an apparently imperforate wall, though not 
of onirurm thioknesa, and the Kpta in the tnajority of casea corresponding in 
pnaitiuti tu the cnelx. Tbo t3-pe Bpenii^ needs a new study, and we cannot 
have a clear conception of its charaatera nntil this is mode. 

Duncan, in his paper on the St. Bartholomew corala,' described sii Bpecies 
that be referred to Tarbinatrit, but no ndditional data on the generic chanij- 
tera ara given. He epeaka of tbu wall being " thick " in moat of the epecies, 
luid tioth mentions and Ri^urea aynapticulEO between the costs. 

He cmiaiders the genus agniii in hia Bevision of the Oenera of the Madrppo- 
mrio,* hut, cxceptini; tbu statement tlmt the eepla are solid and the wall slout, 
ni> addilionnl inftirmalionia given. Tbugenns is classed in the " LojAoKridtr,'' 
" Fnnginn in wliieb the wall ia neither perforate nor echinulate," etc.' 

From a couipnrison of the fignrea of the two species heroin descriljed with 
thtme of the apeciea of Tarinnoterii from St. Barlholomew, given by DuncM 
iu Vohime XXIX. of the Geological Society of London, the generic identity 
of the forma ia most apparent. The only possible opportunity for error would 
be in the wall of the St. Bartholomew corals being imperforate, but I cannot 
believe this with Duncan's figures before me. Therefore I hate referred the 
two Jamaican corals to TiirtiinosiHi on the strcn[:;lh of their resemblance to 
the speciea from St. Bartholomew, but whether Duncan was corroct in refer- 
ring the latter corals to tliat gi'iius must ba luft to future work. 

Es[iecial attention should be called to Turbinoseris jamaicaensis, as, besiJes 
the synnpticiiIiB between the distal en<la of tlie Eepta, quite often ttie septal 
ends are aolidly united by a thecal or pacado-lbecal thickening. 

The similarity in the general atructviral featnrea of these two species to that 
of LeptophyHia deserves a note. The septal structure (i. e. the aepta are cftn- 
poaeil of a.scendiziK traboculte) is the same, except that in the species of Lrpto- 
filiyUin. the tnibeculte .ire not fused together to a. great exfezit, whereas in 
Turhinouris the fusion is ao complete or bo nearly complete and acptal per- 
forations are ao raro that the eepla can beat be considereil solid. The ebamctsr 
of the columella and that of the wall (or absence of Widl) in both are respect- 
ively of tbo same type, the latter structure in Tiirhinnscrii is not so loose aa in 
Leptopliijllia, and, as nlre.idy stated, in TurhinnserU there is in places theea or 
paeudo-tbeca. The typiciil species ot Ltplophyllia are attached by broad bosea. 

1 Quart. Jour. Gcnl. Soe. London, 187S, Vol, XXIX. pp. 553-561. 
s Jour, of tlio Linn. Soc. (Zoiilogy), 1S64, Vol. XVIII. p. U8. 
» 0^.ci(.,p.l48. 



hill: qsologt of Jamaica. 



246 



TurbinoBeris oantabrigiensiSi tp. dot. 

Plate XL. Figs. ff-7. 

Form compressed, conical, attached by a yery small pedicel. 
of two specimens give the following : — 



Measuzementi 





Height of 
ConJlum. 


Greater Di«m«ter 
of Calico. 


Ijcgacr THatnetw 
of Calico. 


a (figured type) 
b 


18.5 mm. 
16.0 mm. 


10.0 mm. 
11.5 mm. 


6 mm. 
8 mm* 



The costsd are very fine, crowded, not prominent and acute, alternating in 
size. The wall is synapticulate. There is no wall properly speaking, but the 
many synapticula near the peripheral ends of the septa serve as one. Of 
course, perforations between the distal ends of the septa are frequent. The 
septa are composed of ascending trabeculsB ; the fusion between them seems 
sometimes, but very rarely, incomplete, leaving pits or occasional perforations. 
The septa are very numerous, extremely thin, and very much crowded; not 
thickening at the centre. The type has between 80 and 90 septa ; the other 
specimen, whose measurements are given above, has five complete cycles, 
apparently 99 septa. Some septa of the higher cycles fuse by their edges to 
the sides of the members of the lower cycles. Calice rather shallow. Strictly 
speaking, there is no columella, a few septa fuse loosely in the axial space. 

Locality. Near Cambridge, south of Montpelier, St. James Parish, Jamaica 
(R. T. Hill, collector). 

Remarks, The species above described is very close to Duncan's Turbinoterii 
eoccenicaj^ from the limestone of St. Bartholomew. I have been unable to see 
the types of the species from St. Bartholomew, as they are in Stockholm and 
Upsala, therefore the folloM-ing comparison is based on the original description. 
There are two points of difference. The first is one of size. Duncan gives the 
size of T. eoccenicay '* Height of full grown specimen 1 inch (= 25 mm.). 
Length of calice ^ inch (= 1 8 mm.). Breadth xS~A ^^^^ (= ^^^o 12.5 mm." * 
T. eoecenica is a much larger species. Duncan states that there are five cycles 
of septa with some members of the sixth in the species ; therefore the septa in 
T, cantabrigiensis are necessarily more crowded. The second difference concerns 
the inner terminations of the septa. Duncan says that in T, eocanica the ends 
of the larger septa are swollen, and bound the axial space. As stated above in 
its descrix)tion, T. cantabrigiensis does not have the ends of the larger septa so 
swollen. The two species are close, but appear distinct. Duncan's Figure 18, 
Plate XXI., of the costal synapticulad in T, eoccenica would apply equally well 
to T. cantabrigiensis. 

1 Quart. Jour. Geol. Soc. London, 1878, Vol. XXIX. p. 558, PL XXL Kg. 13. 
' I have inserted the approximate equivalents in millimeters. 
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Turbinoserls jamaicaensis, ep. nov. 

PUt« XIa FlKh 8-IO. 

Corallom Bubconical, tip oi bnse a small ni[iple-like pedicel. Height of 
comllum, 19.6 mm,; greater diameter, 15 mm.; lereer, 13.5 mm. The ex- 
ternal SDiface covered with amali, d<^nselj crovdeil granulate costs, altern&telf 
larger and smaller in sizu ; ijnapticuliB abundant between them. The wall it , 
fur the greater part Bjuapticulate and perforate, but in places it is solid to a 
greater or Icaa eitcnt. Septa very numerous and very much crowded; then | 
are over 11X1, bo there are more than five cyolea, but the aiilh is not complete} ' 
their morgitis apparently finely dentate; the septa of the lower cycles an 
thicker around the oxiul epuce than peripherally. The calicular fossa La 
narrow and deep. There 13 no columella, but eome of the principal septa 
meet in the axial space. 

Localily, Near Cambridge Station, south of Montpelier, St. James Pariah 
(R. T. Hill, collector). 

Type, UuHeum of Comparative Zoology, Harvard University. 

lltnarkt. This epecies diDers from the preceding, T, eanlabrigUnsis, by itA 
more robust form, and the inner thickening of the lar^j^r septa. The calicuki 
foosa is deeper and narrower. It ia closer to T- eoctBnica, Duncan, from wliicb 
itdilTeMin its form. The axial ratio fur T. tacaiiica is — ^^; for T.ja- 
laaieacniit, '^^ ; the former is much more compressed luteiitlly. 

It is evideot that T. eaa(abriifien*it and T. jamaicaaait are very close to 
each other, and both are enlremely near to T. tonaiiica, but n.s differences of 
considerable importance exi>l between all three of the forms, it is best to 
regard them as speciDcally di^tiiii;t. 



MESOMORPHA, Paiiz, 
Mesomorpha catadupecsis, sp. nov, 

PlBt« ZLI. FIBB. 1-3. 

Corallum depressed, flat aliove, transverse outline, subelliplical. Jleasure- 
ments; height (tbitknes."), 7 mm,; greater distiuice across, 26 mm. ; lesser 
distance across, 24 mm. Tlie base of the corallum has on it some concenliic 
folds, nod there is an incomplete epitheca. The costie are low, equnl, and 
have synnpliculie between them. The outer or common wall probably is 
Bvnapticulate, i. e. probably there is none, slrielly S|><'akitig. The calices are 
concentrically arranged. In the centra is a larger calice, outside of it are two 
concentric rings, and near the edge of the cor.illum some small calices belong- 
ing to a tbini one. Fi'om the central calice to the calices of the first ring is 
,'i.25 mm. The calieea in the first ring ore usually 4 mm. apart. There is a 
slight variation above and below this number. The distance between the first 
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ring and the second ring of calices is from 3 to 5 mm. The distance between 
talices in the second ring is usually 3 mm. The septo-costes are directly con- 
tinuooB from one calice to the other, and there is no indication of any sort of 
boonding wall between the calices. The septa are thick, very close together, 
the number in the larger calices is twenty-nine to thirty. There is considerable 
anastomosing between them. The margins are formed by series of roundish 
or squarish knots. The septa are composed of ascending moniliform trabecule, 
which are slightly inclined inward. The upper terminations of the trabecul» 
make the knots on the septal margins. The fusion of adjoining trabecule ia 
apparently complete, so the septa are solid except occasionally just below 
their upper margins. Synapticuhe are abundant. No dissepiments were seen. 
Calices wide open, not very deep. In the columella space are a few papiUe. 

Locality. Catadupa (R. T. Hill, collector). 

Type. Museum of Comparative Zoology, Harvard University. 

Bemarks, The generic determination of this species, and also one already 
mentioned as coming from the Midway (basal Eocene) beds of Alabama, has 
given me enormous trouble. There is no way of distinguishing from the 
literature the di£ference between Metomorpha and Thamnastrceoj because no 
thorough study of the type of the latter genus, Thamncutrcca dendroidea 
(Lamouroux)y has been made. Pratz in his memoir, ** Ueber den Aufbau des 
Septalapparates einiger charakteristischer Qattungen," ^ does not even mention 
the type species. So, although Pratz has added some interesting observations 
on the septal structure of some corals, he has not informed us what ThamnoitroM 
really is. He has not given the name of the species on which he based his 
figures and studies, therefore we do not know that ho studied ThamnattroBa 
at all. 

According to Pratz's figure of Mesomorpha,^ apparently the species under con- 
sideration must belong to that genus, but it is impossible to decide whether it is a 
Tham^uutrcea, The following is Pratz^s definition of Mesamorpha : * '' Polypar 
massiv, knollig, hockrig oder astig, zuweilen incrustirend. Kelche niedrig, 
nicht durch scharfe Grate umschrieben, sondem durch Septocostalradien 
untereinonder verbunden. Eine mauer fehlt oder ist hochtens rudimentar 
und von den Septocostalradien versteckt. Septa compact, an den Seitenflachen 
niit Kdmem versehen. Die bennchbarten Septolflachen sind durch starke, 
echte Synaptikeln niit cinandcr verbunden. Letztere verleihen dem zwischen 
den Eelchcentren befindlichen Sclerench3rm bei unregelmassigem Yerlaufe des 
Septocostalradien zuweilen ein Coenenchym-artiges Aussehen. Der Septalrand 
ist regelmassig gekomelt und deutet auf einen trabeculiiren Aufbau bin. 
Saulchen papillar haufig mit mehreren Stemleisten verschmolzen." There 

1 Ueber die verwandschaftHcTien Beziehungen einiger Korallen Gattnngen. 
Palaeontographica. 1882, Bd. XXIX. pp. 92-08. 

* Eocftne Korallen aus der Lihyschen Wttste und Aegypten, PalaeoDtographica, 
Bd. XXX., 1888, Pal. Theil, pp. 226-227, PI. XXV. Figs. 46,46a. 

* £oc Korall. aus der Lib. WUste, etc., he, cit. 
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might be two roaaons Tor qneationiilB my generic reference ; ibe first is, I have 
net etated whctbei the syniiplieulic ore true or false. As do thio Bection was 
nuide, thii point of structuro cnuU :iot be delenaitied. But I do oot bcliers 
in the systematic value of dividing tynapticulie^ into true and fal^e. Whether 
the iijiutpticule OK true or fulse dep«iiiiu Loi^ely upon ppociul rel.itions, as iln 
many other mioroacopiu features of the (wml Bkuleloo. If the eepta are 
crowded Uie synaptiouho are apt to bo false, while if they are mora renioW 
from each other the syimpticuls are a]>t to be true. Figure Tl, iu Aliw 
Oyilvie'a " SlicroBcopic and Byateniatic Study of Mudreporarioa Types oT 
Corals,"' is & good illustration of this. This figure represents two adjoiuing 
septa of SitUnutraa. Near the peripheral ends of tbe Eepta the syuapticuln 
are true, i. e. thvre arc tiuw calcification centers introdnced to effect the jmio 
tion of the opposing septal (granulations ; ^^'be^eas, near the inner ends of the 
septa, where the opposing septal surfnces are close toguther, no additional 
ouitera of calcification ore needed to muke the Junction of the granulstioiu, bo 
thi.-y fuu: directly and form a pauudo-eynapticulo. 

Probivbly another note should be added on the septal atrueture. The trabecu- 
lar composition has already been noted. In the lower part of the cajices the 
trabecular fusion seems perfect, but Dear the septal margins tbe fusion appai^ 
ently inay quite often bu iuuoutplete. Here jiits bk very distinct on the fiut 
snrfocoa of the sepia, Btiould the septa )« nut completely perforated. This 
might be a second reason for the removal of the Rpecies from Mcttmtorplia, 

It WM not determined whether diRsepiments are present or not. 

SpeciM of MaanarjJui ocenr in the Oosau Cretaoeous and in tbe Eocene of ^ 
the Arabian Denert. Prat/ is of the c.piiii.m lliat niammn^tTaa /frojuiifjwiV, 
d'Achiardi, from the Italian EucenL', and Th<rm,uistma ImIU, Duuc;iu, fryui 
the lower Eocene of India, also beliijig tu tliia gc^uus. 



DENDRACIS, Edwards asi. Haime. 
Dendracis caatabrigiensis, sp. nor. 

PlBto XLI. Figs. 4-e. 

The corallum ia composed of -.mill slen Icr branches from 3 5 to '' o mm. in 
diamfter. Tlie branch 3.5 m i i i dnm H,r is ^G mm 1 i„ TLue is no 
means of knowing to wliat luipth the tl uUr bnimhci will atlain The 
calices nro dii^tributeil in rather rLgulir spirals thi- iisnal diinicter is 1 mm., 
find llio disl.inoe ni>iirt also usually 1 mm On ver\ smill brancliti i^oiiic 
culicL-.* may have a diameltr verj" slightly loss than a miUimeter, and may Liu a 

1 Consult G, von Koch : " Daa Skflflt der Stflnkorallen," Feetscbrift fiir Carl 
Gfffiiliiiiier, lailO, p. M). 

" I'hil. Trans, lioy. Society, 180O, Vol. 187, p. 214. 
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litde more than a millimeter apart, bat the average is as first stated. The 
ealices on the upper side are not at all elevated above the coenenchyma, but on 
the lower side they stand about 1 mm. above it. The outside of the projecting 
part of the corollite has distinct equal cost® corresponding to each septum. I 
observed no perforations between the costs. The cosnenchymal suifaee ia 
densely and minutely granulate; when the outer surface is worn away its 
porous nature is revealed. Septa : there are six septa larger and more prominent 
than the others ; in each well preserved calice examined, between each, pair of 
larger $epta i$ a pair of imalUr septa. The septa are stout, so far as could be 
made out solid, imperforate, and have entire margins. Thei*e is no columella. 

Locality. Near Cambridge Station, south of Montpelier, St. James Parish, 
Jamaica (R. T. Hill, collector). 

Types. Museum of Ck)mparative Zoology, Harvard University. 

Remarks, This species has considerable resemblance to Dendraeis hmdingerij 
Beuss, from Oberburg, Steiermark,^ also found at Castel Gomberto, Monte 
Grumi and Monte Viale, Italy. Felix ^ reports it from Gebel Auwebet, Egypt. 
The following notes made on specimens in the Vienna Hofmuscum show the 
differences. The ealices of D. haidingeri tend to be constricted above. There 
are two complete cycles of septa, with members of the third cycle sometimes 
present. On the lower side of the projecting part of a corallite there are two or 
more costsD for each septum. 



PORITES, Lamabck. 
Pontes reuBsiana, Dunoan. 

1866. Pontes reussiana, Duncan, Quart. Jour. Geol. Soc. London, Vol. XXL p. 8 
(original description), PI. L Fig. 2. Another reference, p. 7. 

1868. Pontes reussianot Duncan, Quart. Jour. GeoL Soc. London, VoL XXIV. 
p. 25. 

Original Description. ** The corallum is in more or less cylindrical branches, 
which leave the stem at an acute angle, and are often flattened, and always 
rugged and gibbous. The ealices are large, irregular in size, and shallow. The 
columella is small, and there are sometimes more than six distinct palL The 
septa are from eight to twenty-four in number. Diameter of ealices often 
^ inch ; that of the branches from ^ to \^ inch. 

" Locality, Upper Clarendon District, Jamaica." 

I saw the type in the collection of the Geological Society of London, and add 
a few notes to the above description. The usual number of cycles of septa is 

1 DenkscTirift d. Wiener Akad. d. Wissenschaft (Mat Natur.), Bd. XXm. 1st 
Abtheil, 1863, p. 27, PI. Vm. Figs. 2-6. 

> Felix, Zeitschrift d. dentsch. geolog. Gesellschaft, 1884, Bd. XXXVI p. 424, 
PL IIL Fig. 12. 
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thres i the arrangement into cycles does not appear perfectly regnlar and nni- 
fiirm, so DuTtcaD'ii figures muBt be used with a qualification. In the bext pre- 
Berved portions tlicre is no granuLite area on the HUmmit of the wall between 
the ends of the eepla. Apparently the upper E:dge of the wall is acnte ia per- 
fvut material. Diameter of the caliites 2.6 to 4 nint. ; the usual diamel«r ia 
tligbtly leHB than 3 lum. The specimen does not [lennit the detuiU of tlie 
piUi (?) to he made out. It oucnij quite probable that tlie species in a Lilharaa, 
aud Dol a Porilet. 
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